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About this Report: 


It is the Council’s practice to 
compile the Annual Report around 
a theme, rather than to provide an 
exhaustive review of all of the 
research programmes. Recent 
examples have been: 

Protecting the Quality of Life 
(G@icistsy(so)) 

At Work Around the World 
(1989/90) 

Investing for the Future 

(1990/91) 

and A Basis for Sustainability 
(1991/92). 


This year’s Report takes as its 
theme Meeting UK Needs in the 
Biosciences. The cover shows 
computer generated images of: 

_ a plant virus manipulated to 
carry a fragment of foot-and-mouth 
disease virus - a potentially 
(>Coll ll ateara| 0) o)gey-\ol i KOMAYZ-\eCel| ac) 

incXol aleve) (oycaVmicolanlatem olarelannte(@cleqa(er=]| 
industry (page 15). 

_ geographical distribution of 
crops under different climate 
scenarios - a tool for designing 
policies for land use to meet the 
challenges and opportunities of 
environmental change (page 32). 
_ predicted gene flow between 
grassland communities - part of 
a programme on control methods 
and risk evaluation, crucial to 
roU}0)|(omo(=)oy-1ncmr-] elolU| mnale) 
acceptability of biotechnology 
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Where appropriate the names of 
research leaders are given in this 
Report. However, general enquiries 
about the contents of the Report 
should be addressed to: 

Monica Winstanley 

Head of Public Relations 

AFRC Central Office 

Polaris House 

North Star Avenue 

Swindon SN2 1UH 

Tel: +44 (0) 793 413200 


The mission of the Agricultural and Food Research Council is 
to advance scientific knowledge for agriculture, food and 
other biology-based industries and for sustainable use of land 
and biological resources. 

From April 1994 AFRC will be incorporated into the 
Biotechnology and Biological Sciences Research Council (BBSRC). 

The Council is funded primarily from the Science Budget of 
the Office of Science and Technology (OST). For some of the 
research conducted in institutes, it also receives commissions 
from the Ministry of Agriculture, Fisheries and Food (MAFF), 
examples appear on pages 1/1, 25, 31, 354, 35, 38, 39, 44 
ETate Mow ium lamr-(e(olde)amagiom Geolelacell macreacihccmillarellarcmiaeltimelatlcla 
Government Departments, the EC, and from commercial 
companies. This Report includes highlights of research funded by 
all of these means. Results of the research add to the scientific 
knowledge base, have relevance to policy needs of several 
Government Departments and in many cases are being rapidly 
exploited by industry. 

The Council provides the Scottish Office with strategic advice 
and scientific assessment on the work of the independent research 
institutes in Scotland (SARIs). 

Scottish Office funded research at the SARIs includes work of 
special relevance to the agriculture of northern Britain as well as 
contributing to the overall UK science effort. An example is given 
on page 35. Work at the Scottish institutes is also supported by 
industry, the EC and others. 
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Chairman's Statement 
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Although this Report covers the year to 31 March 1993, its 
publication after the Government’s White Paper (*) means that 
it would be inappropriate not to review the year with at least 
one eye on the exciting opportunities that lie ahead. For this 
reason we are showing how the Council’s programme of 
research is already well positioned to meet the opportunities 
and challenges raised by Government. Indeed, we introduce 
each of the three scientific sections of this Report with a brief 
extract from the White Paper. 


During the year, the Council has reviewed and 
redefined the output of its research in terms of 
benefits for its diverse user groups, customers 
and the wider range of institutions or bodies 
affected by the Council’s activities. Principal 
objectives have been to improve mutual 
understanding and to develop improved 
mechanisms for information exchange and 
technology transfer. This process is continuing. It parallels much of the thinking evident in the White 
Paper, and aspects of our philosophy are reflected in the format of this Report. We illustrate how the 
Council’s research underpins innovation and new technologies to increase the competitiveness of a 
wide range of industries; how it supports national policy making and effective UK participation in 
European and wider international initiatives; and how it addresses public concerns about the impact 
of biotechnology and biology-based industries on the quality of life. 
Most scientists do not require a second invitation to describe their 
research and to explain its significance. | am delighted, but not 
surprised, therefore, by the enthusiastic way in which the Council’s 
staff have responded to our initiatives and to the Government’s re- 
organisation of the Research Councils to conduct basic, strategic 
and applied research within specific missions that recognise the 
needs of user communities. There is no contradiction in our twin 
objectives of providing world-class fundamental 
science and at the same time ensuring 
that our research contributes as 
i fully as possible to national wealth 
creation and well-being. 
| am encouraged that the 
excitement of fundamental 
research and a commitment to 
find solutions to real problems 
are evident at all levels in the 
Council. The year 1992-93 has 
been a productive and successful 
one for the Council and we look 
forward to building upon our 
achievements in the new Biotechnology and 
Biological Sciences Research Council to be 
established next year. 


Sir Alistair Grant 
Chairman 
November 1993 


(*) The Government's White Paper “Realising our Potential: A Strategy 
for Science, Engineering and Technology” (Cm 2250, HMSO) was 
presented to Parliament by the Chancellor of the Duchy of Lancaster 


on 26 May 1993. 
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ARR CG ACNONWAE IREPORT “1979.2 


Report 


AFRC and The White Paper 
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Last year’s establishment of the Office of 
Science and Technology (OST) and 
announcement of the White Paper guaranteed 
intense discussion during the year about 
scientific structures and technology interactions. 
Mr Waldegrave’s invitation to academia and 
industry to participate in the debate was 
particularly welcome; we were pleased to be 
able to contribute on the basis of our 
experience as a research council with a clear 
mission, a mixed economy of research 
structures and a long history of successful 
technology interactions with industry. 


|. 


The AFRC was established as 
a mission-oriented Council and 
has always related research 

in its institutes and university 
teams to strategic objectives 
in support of agriculture, 

food and other biology- 
based industries. Chemists, 
biologists, engineers and agri- 
culturalists involved in AFRC 
research have worked closely 
with these industries, but 
they have also been quick 

to recognise emerging tech- 
nologies - genetic engineering, 
information technology, 
mathematical modelling - that 
would provide the science 
drive for innovation. For 
much of AFRC’s history it has 
balanced market pull with 
scientific opportunity in an 
effective way. It has con- 
tributed towards the efficiency 
of the agricultural and food 
industries through new crops 
and livestock, improved mech- 
anisation, the control of plant 
and animal disease and the 
improvement of food quality 
and safety. 


There have been many 
views on how best to exploit 
basic science in the UK. Unlike 
those who have argued for the 
concentration of strategic 
applied research in a 
single research council, our 
evidence to Mr Waldegrave 
emphasised the importance 
of continuous interactions 
between the science base and 
those in industry and policy 
departments. We argued that 
this would allow the bene- 
ficiaries of scientific research 
to stimulate and contribute 
to the prioritisation of the 
research programmes in the 
science base. This is par- 
ticularly important in the 
chemical, agricultural, phar- 
maceutical, environment and 
other biology-based industries 
where application of new 
discoveries is rapid. We 
proposed six mission-orient- 
ated research councils; one 
of these focused on the needs 
of these biotechnological 
industries. We are delighted 
that this structure has been 


adopted by Government. 

The bio-revolution emerged 
partly from the application 
of physics and chemistry to 
biological problems and 
partly from the understanding 
of the genetics of micro- 


organisms, plants and animals. 


Its effective exploitation 
requires advanced engineering 
- bio-chemical, process and 
mechanical - together with 
modern information tech- 
nology. We are delighted that 
this is now clearly recognised 
in the remit of the new Bio- 
technology and Biological 
Sciences Research Council 
(BBSRC) that will be estab- 
lished in April 1994. The 
BBSRC will both reflect multi- 
disciplinarity in the funding 
of its research, and the broad 
range of user-communities 
from applications in food, 


pharmaceuticals, fibres, 
specialist chemicals, fuels and 
construction materials. 


New opportunities for 
biology-based industry 
This Annual Report emphasises 
the new technologies which 
will underpin biology-based 
industries of the future. We 
show that the new biology 
can lead to valuable indus- 
trial crops. On page 13 we 
describe how oilseeds can 

be modified to optimise oils 
for the manufacture of nylon 
polymers, plastic coatings, 
lubricants, cosmetics and 
pharmaceuticals. We also 
describe how plants can be 
adapted to express fragments 
of animal viruses offering a 
potentially safe and inexpen- 
sive means of vaccine 
production (page 15). We 


A Dr Denis Murphy, who leads the team working on genetic 
manipulation of oilseeds at the John Innes Centre, discusses his 
OST-funded work with the Minister of Agriculture, The Rt Hon 
Gillian Shephard. 


explain how the behaviour of 
biological molecules at inter- 
faces may be exploited in 
the production of synthetic 
stabilisers and emulsifiers for 
the food and pharmaceutical 
industries (page 21) and we 
describe the field experiments 
being used to identify potential 
fuel crops that are most suited 
to UK conditions (page 22). 
A proper understanding of the 
nature of the chemical bonds 
between fibrous and non- 
fibrous materials and how they 
are broken should provide a 
basis for improving fibre crops, 
and developing new appli- 
cations; examples include the 
use of linseed fibres for 
chipboards with high tensile 
strength, blankets to control 
soil erosion and panelling for 
vehicles (page 23). 

We also describe novel 
strategies to combat plant 


virus replication; new insights 
into mechanisms by which a 
virus replicates in plant cells 
should allow us to identify 
targets for blocking replication 
and making plants resistant 
to viral attack (page 12). We 
describe genome mapping 
in cattle which will help us 
identify traits for breeding 
(page 10). A better under- 
standing of the mechanisms 
of flavour development should 
help plant breeders and food 
processors to improve product 
quality and match it to market 
demand (page 14). These 
developments will improve the 
efficiency and competitiveness 
of our industry, decreasing 
costs and improving profits; 
they will also contribute to the 
quality of life by decreasing 
the environmental impact of 
intensive agriculture. 

There is exciting research on 
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recombinant enzymes for the 
food, animal feed and paper 
industries. On page 18 we 
describe how recombinant 
DNA technology can be used 
to study the structure and 
function of enzymes which 
can hydrolyse plant cell walls. 
Their catalytic activity can 

be enhanced and they can 

be re-designed to match the 
requirements of industry. 
Such novel developments are 
also assisted by a proper 
understanding of the three 
dimensional structure of the 
enzymes. In a very exciting 
development from the 
Institute of Food Research 
(reported on page 19) the 
three-dimensional structure 
of the enzyme pectate lyase is 
described. This is a fascinating 
discovery in terms of a totally 
unexpected and novel protein 
architecture - parallel B- 
sandwich. This information 
could be used to help modify 
peptides for applications as 

a gelling agent and for 
improving the process of 

fruit juice clarification. 


Technology interaction 

and transfer 

Technology interaction 
encompasses a wide range 

of activities to further the 
exchange of ideas, knowledge 
and technology between 
AFRC institutes and industry. 
Technology transfer is an 
important component. We 
have established a Council 
Committee on Collaboration 
with Industry, under the 
Chairmanship of Dr Tom Little, 
to evaluate our activities in 
this area and to recommend 
future policy. 

Specifically, we are very 
pleased that a new research 
and marketing agreement 
has been established with 
Agricultural Genetics Company 
(AGC). This confirms that AGC 
will act as the principal 
channel for the commercial 
exploitation of discoveries in 
plant and microbial science 


(by IACR and IPSR). The new 
agreement will operate on a 
non-exclusive basis and will 
run until July 1998. Institutes 
have many individual colla- 
borations with industries, for 
example the Roslin Institute 
with the high-tech company 
Pharmaceutical Proteins and 
Rothamsted Experimental 
Station of IACR with Zeneca 
at Jealott’s Hill. We have had 
regular meetings with the 
National Farmers Union 
organised through their Vice 
President and AFRC Council 
member, Ben Gill; these have 
been very helpful in identifying 
the needs of the agricultural 
industry for new science and 
technology. 

We are delighted that our 
close interactions with the 
Royal Agricultural Society of 
England will be further 
strengthened in the coming 
year. | would like to congrat- 
ulate our Chairman, Sir Alistair 
Grant, on his appointment as 
President of the RASE for 
1993/94. This will underline 
the importance of close 
working between the pre- 
farm gate agricultural industry 
and the post-farm gate food 
industry; our research must 
also reflect this vertical 
integration. Reports of the 
Priorities Board for Research 
and Development in Agri- 
culture and Food, which has 
been broadened to include the 
whole food chain, provide an 
important mechanism to orient 
our research to meet perceived 
needs in these industries. 

We can also measure our 
success in technology transfer. 
For example, Pharmaceutical 
Proteins have successfully 
negotiated with Bayer for the 
exploitation of their sheep 
transgenic technology which 
allows high value pharma- 
ceuticals such as Factor IX to 
be produced in sheep milk. 
The Queen’s Award for Tech- 
nological Achievement 1992 
was awarded to Silsoe 
Research Institute (jointly 


Jun 
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& Mr Wang Zing Zengrong, Science Counsellor at the Chinese Embassy in London, presents 
Dr Mike Adams of Rothamsted with the First Class Award of the Ministry of Agriculture of the 
People’s Republic of China. 


with Shelbourne Reynolds 
Engineering Ltd) for their 
work on the stripper header, 
a very effective way of 
harvesting grain, cotton and 
many other crops. Silsoe 
Research Institute also won 
the Archimedes Award for 
Excellence in Engineering for 
the patch sprayer - “a product 
most likely to preserve or 
improve the environment”. 


Polices for international 
cooperation and technology 
transfer 

Knowledge of one plant or 
animal can now be applied 
more easily than hitherto to 
quite distant relatives. For 
example, genes for pest 
resistance, once engineered 
into one crop can often be 
transferred quickly to other 
species. The new biology can 
cross the boundaries of the 
traditional commodity 
industries; we can transfer 
technology from the temperate 
west to the tropical south. 
Thus, there are increased 
opportunities for collaboration 
internationally and for transfer 
of our new technologies to 


developing countries. 

This has been exemplified in 
a very interesting OECD report 
on biotechnology, agriculture 
and food, to which research 
directors, Professors Doug 
Georgala, Brian Heap FRS and 
Dick Flavell have contributed 
thoughtful chapters. The 
Scientific Editor was Sir Barry 
Cross FRS, former director of 
IAPGR, who with the AFRC 
organised a successful public 
launch in the UK. This was 
attended by many Government 
policy makers and UK indust- 
rialists. There has also been 
increasing interest in research 
for the developing countries. 
On page 46 of this Report we 
describe two new initiatives. 
Rothamsted International is 
designed to increase inter- 
actions between Rothamsted 
scientists and those in 
developing countries, through 
research fellowships and 
collaborations. AFRC is 
supporting the International 
Service for the Acquisition 
of Agri-biotech Applications 
(ISAAA) to facilitate 
cooperation between biotech- 
nology industries, AFRC 


institutes and developing 
country research institutions 
in order to assist the sharing 
and transfer of technology. 
Developing countries that have 
a strong science base, for 
example, Mexico, Zimbabwe 
and China, are showing an 
intense Interest in the new 
plant biotechnologies. On a 
recent visit to China | saw 
many experiments where 
genes for viral resistance had 
been transferred into crops 
including tobacco, rice and 
wheat; transformed crops 
have shown resistance even 
after six generations. AFRC 
has good collaborations with 
China. Indeed, Dr Mike Adams 
of Rothamsted has recently 
received an award for first 
class research involving 
Chinese and UK scientists; 
the research was selected by 
the Chinese State Committee 
for Science and Technology 
as one of the top ten science 
projects for 1992. 

To highlight existing links 
and new opportunities we 
have produced a booklet 
describing research in the 
AFRC which is relevant to 


developing countries. It 
reviews our collaboration 
with Zimbabwe to improve 
agricultural equipment, with 
Peru on potato growing and 
with Indonesia on statistical 
analysis of experiments. In 
future | believe that basic 
and strategic research funded 
by OST will have an increasing 
role in underpinning the work 
of the Overseas Development 
Administration (ODA). 


AFRC structures and 
organisation 

The AFRC has supported a 
mixed economy of research 
structures in which grant- 
aided institutes compete with 
university units and project 
teams for funding of research 
programmes. The institutes 
can contribute multi- 
disciplinary research teams 
that are focused on objectives 
and do not have to reflect 
teaching requirements. The 
institutes can also offer 
specialist facilities and cont- 
inuity in research programmes. 
The university groups on the 
other hand can very quickly 
cross traditional boundaries 
to take advantage of new 
opportunities. Both comp- 
etitive and collaborative 
aspects are emphasised in 
our coordinated research 
programmes that bring 
together institutes and 
universities (page 61). 

In this mixed economy of 
structures we must continue 
to review and monitor our 
research institutes. The 
research stations of the former 
Institute of Animal Physiology 
and Genetics Research at 
Babraham and at Roslin had 
each developed outstanding 
basic, strategic and applied 
research programmes. We 
therefore decided to establish 
them as independent 
institutes. A review of the 
Nitrogen Fixation Laboratory 
(NFL) presently at Sussex 
University, showed that their 
expertise in metallo-enzymes, 


biochemistry and microbial 
genetics needs to be more 
closely integrated with other 
plant and microbial science; it 
_ has important contributions to 
make outside the area of 
nitrogen fixation. For this 
reason we have decided to 
move the NFL to the John 
Innes Centre in Norwich. 

Many of our institutes 
have long and distinguished 
histories. We have been 
pleased to participate in the 
celebrations of Rothamsted 
Experimental Station on their 
- 150th anniversary in 1993, 
and we are delighted that 
Her Majesty The Queen has 
graciously agreed to be Patron 
of Rothamsted including 
Rothamsted International. The 
Station has made major 
contributions to both national 
and international agricultural 
research and is strongly 
positioned, with excellent new 
science and technology, to 
make contributions long into 
the future! 

In AFRC we continue to 
debate structures for our 
research committees. Within 
BBSRC this will again become 
a major topic for discussion. 
Should they reflect the nature 
of the biological organism 
studied: microorganisms, 
plants and animals? Or should 
the research committees 
mirror the level of organisation 
in the biological system: 
molecule, cell, organism, pop- 
ulation, system? And how can 
council structures best reflect 
the interests of industry and 
the wider user communities. 

One concern over the past 
year has been our funding of 
engineering. We felt that we 
had insufficient expertise to 
judge engineering research 
programmes within the 
animals, plants and food 
research committees. We 
have, therefore, established 
a new engineering research 
board to consider research 
policy as well as to monitor 
the research in institutes and 


to assess university research 
grant applications. The board 
is chaired by Professor 
Roland Clift. 

We have recognised a need 
for better information about 
research programmes, so that 
we can supply information 
more rapidly to OST, MAFF 
and other Government Depart- 
ments as well as improve our 
own planning process. For 
this reason we have launched 
a new information data base, 
OASIS, which is accessible 
throughout the Council. 


Biotechnology and the public 
The increasing role of genetic 
engineering in the application 
of biology has heightened our 
awareness of the importance 
of public perceptions and 
acceptability. As Professor 
John Durant has recently 
written in his interesting intro- 
duction to “biotechnology in 
public”: 

“.... all major technological 
revolutions have enormous 
and partly unforeseeable 
ecological, economic, ethical, 
legal, social and political 
repercussions”. 

The new biotechnology, 
especially that which involves 
genetic manipulation, will be 
no exception. There are al- 
ready worries about whether it 
is natural, ethical, safe, socially 
desirable and economically 
advantageous. There are fears 
of its potential and of the 
dangers of “playing God”. 
John Fincham and Gerry Rivetz 
have suggested that scientists 
must show: 

“A certain attitude of 
scientific humility, an aware- 
ness of partial ignorance, and 
of the human fallibility of those 
operating the safety system’. 

We must listen to public 
worries and, even if they seem 
irrational or unreasonable, 
treat them seriously. For this 
reason we have made a study 
in the Think-Tank of the 
public perception of risk. 

With the help of John Durant 


ABR COANNUAE REPORT 1999:2-93 


we are also initiating con- 
sensus conferences, which will 
involve lay members of the 
public in discussions of new 
technologies. 

We have a responsibility 
to communicate the new 
science in a way that is under- 
standable to the public. To 
meet this objective we have 
strengthened our links with 
schools and schools’ organ- 
isations; several publications 
have been produced jointly 
with the National Centre for 
Biotechnology Education 
(pages 52-53). We have 
also had extensive discussions 
with the public, with farmers’ 
groups and with pressure 


groups on new biotechnologies. 


Ultimately it must be the 
public that makes decisions 
about biotechnology on the 
basis of its social, legal, 
economic and other reper- 
cussions for the future. We 
must make sure that the 
public can participate know- 
ledgeably in the debate. 


However, although we must all 
be aware of the fragility of our 


knowledge and conscious of 
our ignorance, | believe that 


we can justifiably be optimistic 


about the contributions of the 
new biotechnology. 


Technology foresight 


It is equally important to make 


sure that we have identified 
the most important emerging 
technologies. AFRC has been 
proactive in this area; for the 
past two years we have 
operated an active foresight 
programme in the form of the 
Think-Tank. This has con- 
sidered new technologies that 
might impact on our research 
and has also endeavoured to 
assess priorities on the basis 
of market pull. For example, 
we have made extensive 
surveys of the new opport- 
unities arising from plant 
biotechnology, especially 
non-food and industrial 
applications of agriculture 
and other biotechnologies. 


We have also organised a 
series of workshops about 
“meat versus wheat”. How 
efficient are crops and 
livestock in producing food? 
How does it depend on the 
geographical area or the 
structure of the rural 
community? How sustainable 
are the systems? How do meat 
and wheat contribute to our 
diet and what is the minimum 
requirement for meat and 
wheat in the supply of micro- 
nutrients? Such questions are 
at the centre of market pull 

in the foresight exercise. Our 
papers on these topics should 
forma major contribution to 
the foresight exercises that 
the OST are now initiating and 
which will be most important 
to the setting of priorities in 
the new research councils. 


Tom Blundell FRS 


Director General 
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“The understanding and application of science 
are fundamental to the fortunes of modern 
_ nations... (1 | a | J 


“Advanced technology features increasingly in 
the processes used throughout manufacturing 
and service industries. High-technology 
products represent a growing share of the 
country’ 's manufacturing output. Innovation is 
e ential across the whole range of goods and 
rvices. It can be achieved through an 
incremental improvement or it can be a new 
approach toa well known process or 
roduct. In either case, knowledge of 
he ’ possibilities of science and 
ecology fs is a igbiihe ingredient in 


Sirateau 

Le 
The Council’s research covers 
work from the molecular 
level to full agricultural and 
environmental systems. This 
has created several powerful 
generic technologies, for 
example, genome mapping, 
recombinant DNA technology, 
protein engineering and 
information technology. 
These are applicable to a 
wide range of plant, animal 
and microbial systems used 
in biology-based industries. 
They offer new opportunities 
for increasing productivity; for 
the development of safer and 
cleaner technologies; for new 
industrial feedstocks; and for 
the development of products 
and processes. 
, Close collaboration with 
industrial partners and through 
consortia and joint Government/ 
industry schemes characterise 
many areas of the Council’s 
research. 
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Genetic analysis 


Identifying the genes that determine 


body composition and growth 


Comparisons of body meta- 
bolism in lines of mice that 
have been selected over many 
generations for different 
characteristics such as body 
weight and body composition, 
are helping to identify the 
genes which have been 
selected in the different lines. 

Three paired lines are being 
studied, each having been 
selected for 50 generations. 
One pair of lines is selected on 
the basis of high or low body 
weight. The high group is over 
twice as heavy at 10 weeks of 
age as the low weight line, but 
the lines show little difference 
in body composition. 

A second pair of lines has 
been selected on the basis of 
% body fat. The high fat line is 
over three times fatter at 14 
weeks of age than the low fat 
line, but the lines show little 
difference in lean tissue mass. 
The third pair of lines has been 
selected for differences in food 
intake. 

The metabolic character- 
istics of the different lines are 
being analysed and compared. 
For example, it has been 
shown that selection responses 
in body size are not due to 
genetic changes in production 
of or sensitivity to growth 
hormone. 

This research will also aid 
the design of animal breeding 


Many commercially important traits of livestock 
such as growth rate and body composition are 
determined by the action of several genes 
working in concert. These genes are known as 
quantitative trait loci (QTL). Commercial animal 
breeding would be greatly advanced by better 
understanding of which genes are involved and 
how they exert their influence, for example, 
through altering energy metabolism and 
partitioning in animals. 


programmes, for example, by 
identifying how long selection 
response persists and how it 
is influenced by artificial and 
natural selection. There is 
evidence that, for example, 
the relationship between body 
size and litter size in mice is 
positive but then reaches a 
plateau before becoming 
negative. 

New variation is produced 
in populations by mutation 
and in long continued selection 
programmes spontaneous 
mutations are likely to be 
important contributors to 
response. Estimates of the 
extent of spontaneous 
mutation in maintaining 
variation and studies on how 
mutant genes become fixed in 
a population should suggest 
strategies by which breeders 
might make optimal use of 
mutations that occur. 


William Hill, 
University of Edinburgh 9 
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Genome mapping in cattle 


The rate of genetic gain in cattle breeding could be increased if breeders 
could select bulls using markers indicative of particular performance 
traits, rather than having to wait for results of progeny testing. 


Identification of appropriate 
genetic markers for such 
“marker assisted selection” is 
one objective of a global 
collaboration to map the 
bovine genome. The EC con- 
tributes to the European part 
of this project “BovMaP” which 
involves more than thirty EC 
and EFTA laboratories. 
Economically important 
traits, such as growth rate, 
are controlled through the 
concerted action of several 
genes, dispersed across the 
genome. To identify regions of 
the genome that are involved 
and to find markers for their 
selection requires maps of the 
physical location of markers 
and the pattern of their 
inheritance. More than 300 
markers have already been 
assigned to chromosomes or 
linkage groups. These markers 
offer increased precision in 
animal identification and 
parentage control. In the long 


term the genomic map will 
include markers associated 
with a wide range of 
performance traits and 
heritable defects. In addition 
the map will enable breeders 
to understand and maintain 
the genetic base of selected 
populations. For example, the 
map will help to optimise 
quantitative traits such as 
growth or milk production and 
avoid the simultaneous 
selection of genetic defects 
such as Bovine Leucocyte 
Adhesion Deficiency (BLAD). 
Breeders will be able to take 
advantage of the information 
from this work on genome 
analysis through the Cattle 
Blood Typing Service at Roslin. 


Ross Miller, 
Babraham Institute 
John Williams, 


Roslin Institute 


International genome mapping 


programmes generate vast amounts of 
data, with information coming out of 
many laboratories across the world. 
To make best use of this information 
and to enable the projects to be run 
efficiently requires centralised database 
and computing facilities and a good 
communications network. 

The development of this infrastructure 
for domestic species is being handled 
jointly by the AFRC at Roslin Institute 
and INRA at their Jouy-en-Josas 
laboratories, partly funded by the EC 


“Gemimii” project. 


Genes that confer disease 
resistance in chickens 


At the Institute for Animal Health, mapping 
of the chicken genome is focused on genes 
which influence resistance or susceptibility 


to disease. 


A linkage map of the chicken 
genome - which is about one- 
third the size of that of 
humans or mice - has been 
constructed from crosses 
between two lines of birds 
that differ markedly in their 
resistance to several diseases, 
so far 180 markers have been 
assigned to this map. 

It is likely that resistance 
to many serious diseases of 
poultry is governed by single 
genes. Resistance to 
Salmonella appears to be 
associated with one particular 
region of the linkage map and 
additional marker loci are 
being generated in this region 
to enable isolation and 
identification of the putative 
Salmonella resistance gene. 
Isolation of this and similar 
genes will allow breeders to 
screen lines for disease 
resistance, and will also 
provide information about the 
mode of action of resistance 
genes. 


Nat Bumstead, 
Institute for Animal Health 


Fingerprinting yeasts 


The use of yeasts in brewing 
and breadmaking is one of the 
earliest examples of biotech- 
nology. Today’s industries 
need to be able to characterise 
strains of yeasts, for example, 
to maintain purity as well as 
mixtures and ratios of strains 
to give particular properties, 
and to eliminate contaminants. 

Conventional methods of 
characterisation are time- 
consuming, three to four 

-weeks, and require skilled staff 
and laboratory facilities. But a 
new molecular fingerprinting, 
developed under a MAFF 
commission, characterises 
yeasts within one working day. 

Fingerprinting is based on 
the polymerase chain reaction 
(PCR) ~ a technique in which 
specific regions of the genetic 
material, DNA, are replicated 
many times. Because of this 
amplification, only very 
small amounts of sample are 
required, about 0.1 mg. There 
is no need to purify the DNA 
before testing, whole cells 
can be used, and in excess of 
50 samples a day can be 
screened. 

This is how PCR works. The 
double stranded DNA in the 
cells is heated so that the 
strands separate. Short pieces 
of synthetic DNA are then 
added. These bind to corres- 
ponding complementary 
sequences on the single 
strands and act as “primers” 
for the synthesis of new 
Strands, thus regenerating new 
double strands. This cycle can 
then be repeated, and after 
twenty to thirty cycles, the 
DNA is analysed by separating 
the pieces on an agarose gel. 
A characteristic pattern of 
bands is generated from the 
sequences made from the 
primers and these reflect the 
sequence of the original DNA. 

Each banding pattern is like 
a bar code for each strain of 
yeast. All the baking, lager, 


The polymerase chain reaction, by which minute samples of genetic 
material can be greatly amplified, has been used to develop a very 
rapid method for characterising strains of the yeast Saccharomyces 
cerevisiae. The technique has been patented in the USA and Canada, 
and progress is being made to transfer the technology to a 
biotechnology company. Diagnostic, easy-to-use kits based on this 
technology have application in the brewing and baking industries and 
potentially in clinical diagnosis of pathogenic yeasts. 
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wine, distilling and a number Yeast cells contain 16 chromosomes and about four times the A 
of ale yeasts present in the genetic material of the bacterium Escherichia coli. Here sixty three 

2 d strains of yeasts used in lager production have been genetically 
National Collection of Yeast fingerprinted. Strains show characteristic patterns of banding of 
Cultures have been finger- their genetic material, DNA. 


printed in this way. 

The key to the success of Smaller than a pin head - fingerprinting can be carried out on a very 
this approach is the design of small number of yeast cells (right, on tip of a plastic pipette). w 
the primer sequences. These 
have been constructed to 
target repeat patterns in the 
yeast genome, and are used 
in combinations. A similar 
approach would be expected 
to provide a comparable 
database of medically import- 
ant yeasts. 


Ray McKee, 
Bruce Pearson, 
Institute of Food Research 
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Gene modification and 
recombinant DNA technology 


Novel strategies to combat plant 


virus replication 


Molecular analysis of the mechanisms by which 
viruses replicate in plant cells is identifying new 
targets for blocking replication and making 
plants resistant to viral attack. 


Most plant viruses are intro- 
duced into plants by vectors, 
such as insects, which have 
acquired them by feeding on 
other infected plants. The 
viruses then multiply within 
plant cells to produce millions 
of progeny virus particles and 
move to cells in other parts of 
the plant where the multi- 
plication process is repeated. 
The concept of throwing 
molecular spanners into the 
works in order to disrupt virus 
multiplication, movement and 
vector transmission is 


Stages in viral infection 
and transmission in 
plant cells 
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attractive. The diagram shows 
some of the stages at which 
such strategies have been, or 
might be, deployed. 

Of course, one critical stage 
is replication of the viral 
genome. If this is inhibited 
then the virus cannot spread. 
Recently, research at Imperial 
College has led to the world’s 
first isolation of molecular 
complexes (replicases) 
capable of replicating plant 
virus RNA in vitro. The first 
was isolated from cucumber 
mosaic virus (CMV)-infected 


Examples of 
transgenes that act as 
molecular blockers (X) 


Transgene(s) 
i.e. genes introduced 
into the host genome 


4. Transgene 
blocks virus 


“movement 
protein” 
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6b. Transmission of 
RNA-protein complex 
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to neighbouring cell 


6a. Insect vector 
acquires virus 
for retanieion 
to another plant 


plants, the second from red 
clover necrotic mosaic virus 
(RCNMV)-infected plants. 

These replicases are being 
characterised. Each comprises 
not only proteins coded for by 
the virus but also at least one 
protein originating from the 
host plant cell. This indicates 
that the viruses commandeer 
normal protein components of 
the cell and use them to 
replicate viral RNA. 

There are two implications. 
Firstly, this suggests that mod- 
ifying the genes for the host 
proteins so that they produce 
proteins that continue to fulfil 
their normal functions, but are 
no longer recognised and 
available to invading virus, 
would be an effective method 
of blocking viral replication. 
Secondly, it provides clues to 
how viruses cause symptoms 
in plants, perhaps by diverting 
host proteins from their 
normal functions. 

The host protein compon- 
ents of viral replicases may be 
targeted by several different 
viruses, so their modification 
might protect against more 
than one disease. The nature 
of the host components and 
how they interact with the viral 


products is being investigated 
for both CMV and RCNMV. 
So far, two host components 
from CMV replicase have been 
purified - there may be as 
many as six - and the gene for 
one has been cloned. 
Further evidence that the 
modification of some host 
genes could protect against 
viral attack without impairing 
plant function comes from a 
gene Tm-1, originally found 
in wild tomatoes. It protects 
against tomato mosaic virus, 
but this resistance is overcome 
by viruses with abnormal 
replicases. One possibility is 
that Tm-/ is a mutant form of 
a gene which normally codes 
for a protein that is hijacked 
by the virus to make viral 
replicase. Studies on the 
gene and on host proteins 
that interact with replicase 
components will aid the ident- 
ification of strategies to 
enhance the protective effect 
of Tm-/ and genes like it in 
other species. 


Kenneth Buck, 

Robert Hayes, 

Imperial College of Science, 
Technology and Medicine, 
London. 


A Recent research has led to the first isolation of molecular 


complexes capable of completely replicating plant virus RNA in vitro. 
Tobacco leaves: uninfected (left) and infected with RNA polymerase 
transcripts of cloned cucumber mosaic virus. 


ASE RG VAININIUTAUL “REP OUR Th) 1 Sus! 2) = 915 


Modified and novel oilseed crops for industry 


The principal component of 
seed oil in the rape cultivars 
introduced into Britain in the 
1970s and 1980s is oleic 
acid. There is virtually no 
erucic acid (less than 0.1%). 
But in the seed oil of older 
cultivars, erucic acid comprises 
up to 40-50%. Whilst not 
suitable for food uses, these 
earlier cultivars have 
considerable potential as 
industrial crops for production 
of erucic acid. 

A five year project in 
collaboration with an 
industrial partner is 
aimed at producing rape 
plants with seed oil 
containing at least 90% 
erucic acid. This will 
not only increase 
supplies of erucic 
acid, but the ke 
higher level of 
purity will reduce 
the costs and 
environmental impact of 
rapeseed processing. 

Erucic acid is synthesised by 
the stepwise addition of two 
“2-carbon” units to the oleic 
acid molecule. Erucic acid is 
then transferred to glycerol by 
three acyltransferase enzymes 
in order to make the 
triacylglycerol seed oil. One of 
the rapeseed acyltransferases 
has very low activities for 
€rucic acid, resulting in a 
relatively low proportion (40- 
50%) of this fatty acid, even 
in so-called “high-erucic” 
rapeseed cultivars. By con- 
trast, the corresponding 
enzyme in Limnanthes is very 
active, producing high levels of 
€rucic acid and its precursor. 
This plant, which is also known 
as meadowfoam, grows wild 
on the west coast of the USA. 

The strategy for improving 
€rucic acid yield in rape is 
firstly, to use antisense tech- 
nology to block the rape gene 
that codes for acyltransferase, 
and secondly, to use gene 


transfer techniques to 
introduce into rape the gene 
from meadowfoam that codes 
for its highly efficient enzyme. 
This involves identifying and 
cloning the respective genes. 
Longer-term it might be 
possible to use techniques of 
protein engineering to improve 
the performance of the rape 
enzyme. 

Modification of the seed oil 


profile of plants is 
possible because the 
nature of the oil is 
not crucial to plant survival 
and growth. All oils have 
roughly the same energy value 
and are equally useful as 
energy reserves. 
Domestication of meadow- 
foam offers an alternative to 
genetic engineering. It would 
have the advantage of increas- 
ing crop diversity, and thus 
reducing the vulnerability to 
disease and pests associated 
with extensive monocultures. 
Research has commenced to 
identify ways of overcoming 
current limitations of meadow- 
foam such as low fertility and 
dependence on insect pollin- 
ators. Two species are known 
that have complementary 
agronomic traits which need to 
be combined. Modern tech- 
niques such as protoplast 


Plant-derived erucic acid is used in the 
manufacture of nylon polymers, coatings for 
plastics, lubricants, inks, cosmetics and 
pharmaceuticals. A LINK project with industry is 
exploiting techniques of genetic modification to 
produce industrial rapeseed plants that 
produce high levels of this valuable fatty acid in 
their seed oil. Another approach is exploring 
how wild species naturally rich in erucic acid 
might be domesticated for cultivation in the UK. 


fusion and 
embryo 
rescue ae 
might be ; 
used with 
conventional 
breeding for 
improved disease 

resistance, synchronised 
flowering, etc, to develop an 
efficient industrial crop. 

This research is part of a 
wider programme exploring 
the potential of oilseed crops 
as renewable sources of 
industrial feedstocks. 
Examples include production 
of petroselinic acid - for 
manufacture of detergents and 
plastic and nylon polymers, 
and lauric acid - for powder 
and liquid detergents. 


A Meadowfoam (Limnanthes) is 
a rich natural source of the 
industrially valuable oil, erucic 
acid. It is an excellent substitute 
for sperm whale oil. 


Denis Murphy, 
John Innes Centre 13 


Tailoring plant metabolism to the 
needs of the food industry 


Members of the Allium 
species, including onion, garlic, 
leeks and chives, are widely 
used to flavour fresh and 
processed foods. Each derives 
its characteristic flavour from 
interaction of the enzyme, 
alliinase, with different com- 
binations of four flavour 
precursors. In principle, it 
should be possible to manip- 
ulate this interaction to 
generate new flavour profiles 
and to fill gaps in the market. 
For example, the UK imports 
onion flakes and onion oil for 
use in convenience foods. 

Research at the University 
of Liverpool is providing fund- 
amental information about 
the activity and regulation of 
enzymes that synthesise the 
flavour precursors, and about 
the location of key stages of 
flavour development in plant 
cells. This will lay the basis for 
subsequent identification of 
the genes that determine the 
levels of alliinase activity and 
levels of the different flavour 
precursors so that both 
traditional breeding and 
genetic engineering might be 
used to manipulate flavour 
development. 

The four flavour precursors 
in Allium species are collect- 
ively Known as the alk(en) yl-L- 
cysteine sulphoxides. The 
major flavour precursor in the 
onion is prop-l-enyl-L-cysteine 
sulphoxide (Pren Cys SO), but 


Key stages in the production 
of flavouring compounds are 
being identified, offering plant 
breeders and food processors 
opportunities to develop 

new flavours. > 

(Photo: Institute of 

Food Research). 


A better understanding of the mechanisms of 
flavour development should help plant breeders 
and food processors to match product quality 
direct to market demand. 


in the mature bulb the major- 

ity of Pren Cys SO is present in 
a bound form as its y-glutamyl 
derivative (y-glu Pren Cys SO), 
when it is impervious to the 


action of alliinase and cannot 
therefore contribute to flavour. 
It is essential to examine the 
position of y-glu Pren Cys SO 
in the synthesis of Pren Cys SO 
if flavour levels are to be 
manipulated. 

Two possible biosynthetic 
routes for Pren Cys SO syn- 
thesis have been studied by 
using pulse labelling of intact 
plants with S35. The pattern 
of labelling in individual cell 
fractions and specific inter- 
mediates suggested that the 
y-glu Pren Cys SO was not the 
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immediate precursor to Pren 
Cys SO but was formed from 
Pren Cys SO under the control 
of developmental triggers. 
Synthesis of Pren Cys SO 
occurred in the plastid and 
endoplasmic reticulum 
membrane fractions, whereas 
long-term storage of Pren Cys 
SO may occur in cytoplasmic 
vesicles. 


Hamish Collin, 


University of Liverpool 
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Vaccines against viral diseases 
are made traditionally from 
weakened strains of the virus 
itself. Inevitably, there is a 
small risk of the virus regaining 
pathogenicity and causing the 
infection it was designed to 
prevent. Recently, novel 
vaccines have been developed 
in which non-infectious frag- 
ments of disease viruses are 
inserted into harmless animal 
viruses which act as carriers. 
The inserted fragments are 
adequate to elicit an immune 
response, but cannot cause 
infection. A potential difficulty 
with these recombinant 
vaccines is that the animal 
being vaccinated might already 
have encountered the carrier 
virus and so be immunised 
against it - effectively des- 
troying the vaccine before it 
can work. Another limitation is 
that growing animal viruses to 
make vaccines requires costly 
cell culture systems. 

Scientists at the John Innes 
Institute reasoned that plant 
viruses might make better 
Carriers because they over- 
come problems of prior 
exposure of animals, and they 
could be produced simply and 
cheaply in plants. 

Now, in collaboration with 
Scientists in the USA and with 
support from the Agricultural 
Genetics Company, the 
researchers have designed 
and produced a harmless plant 
Virus carrying a fragment of 
the foot-and-mouth disease 
virus (FMDV) which is known 
to elicit an immune response. 

Key stages in the research 
were the identification of a 
Suitable plant virus and 
location within it of a region 
amenable to substitution by 
the FMDV fragment. A pro- 
cedure was developed to 
substitute the portion of plant 
virus genetic material by that 
coding for the FMDV fragment 
in such a way that the mod- 
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Plant viruses can be adapted to express fragments of animal viruses, 
offering a potentially safe and inexpensive means of vaccine production. 


ified plant virus remained 
capable of multiplying in plant 
cells. 

The well characterised 
cowpea mosaic virus was 
chosen as the carrier and part 
of its S protein which is known 
to be particularly exposed on 
the surface of the virus was 
targeted. Part of the gene for 
this S protein was successfully 
substituted with that for the 
FMDV fragment, generating 


cowpea mosaic virus particles 
that carry the FMDV fragment 
on their surface. The ability of 
these modified viruses to elicit 
production of protective 
antibodies against FMDV is 
now to be tested in collab- 
oration with the Institute for 
Animal Health (Pirbright 
Laboratory). 


George Lomonossoff, 
John Innes Centre 


. Computer- generated images 
of (top) the cowpea mosaic virus 
and (bottom) the virus modified 
so that part of each of the 
copies of its surface component 
S protein now carries an 
antibody-eliciting fragment 
(yellow) of foot-and-mouth 
disease virus. 


The Agricultural Genetics Company Ltd 
has applied for intellectual property 
rights on this invention and plans to 


develop it on behalf of AFRC. 
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Plant molecular biology 


The Council’s £14M programme on Plant Molecular Biology 
(1989-1992) helped to establish the UK as an 
internationally competitive nation in this field. UK scientists 
are amongst the world leaders in gene identification, 
mapping and isolation technologies; and many technologies 
developed with model plant species such as Arabidopsis are 
now amenable for application in crop species. 

In addition to its scientific success, the programme 
provided a cost-effective use of resources, strengthened 
collaborations, avoided duplication of effort and 
encouraged the return of some of our best young scientists 
from overseas. 

Building upon these successes, the Council has launched a 
second coordinated programme with particular emphasis on 
the transfer of technology to crop plants. 

A total of 44 projects are funded under the new 
programme. This involves researchers at 21 universities and 
institutes. The programme is coordinated by Chris Leaver 
FRS, University of Oxford, and Caroline Dean, John Innes 
Centre. Two examples are outlined below. 


Genetic regulation of the development of 

photosynthetic tissue in maize leaves 

A mutant of maize has been isolated in which the normal pattern 
of leaf development is disrupted. Genetic analysis of this mutant 


will provide valuable information about how plants regulate tissue 


differentiation during development. Also because the mutation 
affects photosynthesis, its characterisation will improve under- 
standing of biochemical mechanisms that regulate photosynthesis 
in C4 plants such as maize. 

In normal maize, most of the leaf is made up of two types of 
cells which interact to provide the photosynthetic capability. 
These are the bundle sheath (BS) and mesophyll (M) cells. They 
differ morphologically in the type and arrangement of their 
chloroplasts, and enzymatically in that they contain different 
enzymes involved in the fixation of carbon dioxide through the 
C4 pathway of photosynthesis. These two types of cells develop 


together in a coordinated manner. But in a mutant, bsd/-m1, the 


BS cells fail to develop, while the rest of the cell types in the leaf 
develop normally. Photosynthesis in the mutant is also greatly 
impaired as there are no characteristic BS chloroplasts and no BS 
cell-specific photosynthetic enzymes. 

The bsd1-m/] mutant was created using a maize transposon - 
a mobile piece of DNA that moves from position to position 
within the maize chromosomes, disrupting the activity of genes 
when it inserts itself into them. In the case of bsd1-m1, this 
transposon has inserted in such a way that it prevents expression 
of a gene that affects differentiation of BS cells. Research is 
underway to isolate this gene by using a molecular “hook” to 
pull out the transposon and with it the disrupted gene. This will 
allow identification of the gene and facilitate its cloning and 
further characterisation. This should lead to a greater under- 
standing of events involved in cellular differentiation and of 
mechanisms that regulate the agronomically important C4 
pathway of photosynthesis. 


16 Jane Langdale, University of Oxford. 


Genetic regulation of fruit ripening 

Significant progress has been made in understanding the 
molecular biology of tomato fruit ripening. Genes coding for 
enzymes involved in the ripening process, such as cell wall 
degrading enzymes and those involved in pigment and ethylene 
biosynthesis, have been identified and their specific functions 
explored, together with the nature and role of associated 
regulatory genes. 

The results to date are providing fundamental information 
concerning the mechanisms of gene regulation in plants and 
suggesting strategies for the modification of gene expression in 
transgenic plants. 

The ripening inhibitor (rin) tomato mutant is deficient in a 
variety of responses and processes associated with normal fruit 
ripening. For example, mutant fruit exhibit impaired synthesis, 
and response to, ethylene and have incomplete development of 
flavour and aroma profiles. The fruit fail to soften appreciably 
over a period of several months. The rin phenotype is thought to 
arise from a mutation in a regulatory gene. Screening a new fruit 
cDNA library with probes derived from normal and rin fruit 
identified six cloned mRNAs which accumulate during normal 
ripening but are present at reduced levels in the rin fruit. These 
clones have been sequenced and the accumulation of their 
mRNAs during ripening characterised. Current research is directed 
towards assigning a role to each gene product in the different 
processes of ripening, for example, their potential involvement in 
softening, pigment change or generation of changes in flavour and 
aroma of the ripe fruit. This is being achieved by turning off the 
expression of each of these ripening genes in genetically 
engineered tomato plants in order to assess the effect they may 
have on fruit ripening. Recent results suggest that the rin 
phenotype arises from a mutation in a regulator gene. 


Don Grierson, AFRC Research Group in Plant Gene Regulation, 


University of Nottingham. 


A Stages in the ripening of wild-type tomato (left) and rin, 
an extreme ripening mutant. 


The Council’s coordinated programme on stem cells 
-involves researchers in nine universities, the Centre 
for Genome Research at Edinburgh, and four 
institutes. A total of 46 projects are supported in the 
programme which is coordinated by Hugh Dickinson, 
University of Oxford, and Rosa Beddington, Medical 
Research Council. Two examples are given below. 


The epidermis, the outer layers of skin, is constantly renewed as 
superficial cells are lost and are replaced by new cells that are 
pushed upwards. In human skin, it takes about a month for cells 
-to move from the base layers to the surface. This process relies 
upon the presence at the base of the epidermis of cells capable 
of division and self renewal so that at cell division one of the 
progeny retains the parental phenotype. However such putative 
stem cells have not been identified unequivocally in the 


Imprinting In plants 
Whether a gene is inherited from 
the male or female parent can 
affect how it is expressed in the 
offspring. This phenomenon of 
genomic imprinting is very 
important in animal development 
but is less recognised in plants. 
One exception, however, where 
the correct balance of maternal 
and parental genomes is crucial 
in plant development is in the 
formation of the endosperm. 
Research is identifying the 
genes modified in Zea mays, 
and the molecular mechanism of 
imprinting. This will not only 
provide fundamental insights into 
gamete formation in plants but 
will also have important agronomic 
implications. Endosperm develop- 
ment is important for grain 
formation in cereal crops, and 
therefore genomic imprinting may 
play an important role in 
determining crop yields. A better 
understanding of genomic 
imprinting might also suggest 
Strategies to improve crop 
breeding. Some commercially- 
important wide-hybrids sometimes 
fail because of aberrant 


Figure 1 


Figure 3 
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epidermis - mainly because there has not been a satisfactory 
assay for them. 

A better understanding of cellular interactions that control the 
renewal of skin cells is of fundamental importance, and has direct 
implications for studies on wound healing and skin grafting. 

Recently, a model system has been developed which has 
indicated for the first time that the underlying cells of the dermis 
are required for the maintenance of self replication of 
keratinocytes of the epidermis. This suggests a control mechanism 
resembling that of blood cells, where stem cell renewal depends 
upon another cell type in the bone marrow. 

Research is aimed at identifying the molecular interactions 
between keratinocyte stem cells and accessary cells in the dermis. 
This involves, for example, identifying the growth factors and 
inhibitory molecules that regulate the stem cells and 
understanding how the balance between them is modulated. 


Margaret Stanley, University of Cambridge 


Figure 2 


~ Figure 4 


. Four days after pollination the developing maize embryo (arrow, Figure 1) is invested by a 
multicellular endosperm. Following pollinations resulting in “wrong” combinations of imprinted 
nuclei, a misshapen endosperm is formed (Figure 2) containing fewer cells. The use of 
carbohydrate-specific probes (red staining in Figures 3 [normal] and 4 [aberrant]) shows 
unusual cell-wall thickenings at the interface between the embryo and the aberrant endosperm 
(arrow, Figure 4). 


endosperm development. 


Hugh Dickinson, 
University of Oxford 
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Recombinant enzymes for the paper and 
animal feed industries 


Hemicellulase enzymes have enormous 
commercial potential. Recombinant DNA 
technology is being used to study the structure 
and function of these enzymes. Besides showing 
how they may be produced on a large scale, this 
is indicating strategies for enhancing enzyme 
activity and for designing novel enzymes with 
new and improved properties. 


of each enzyme in cell wall 
hydrolysis, and by the 
difficulty of producing large 
amounts of pure enzyme. 
Xylanase (a type of 
hemicellulase) offers paper 
manufacturers an environ- 
mentally cleaner alternative 
for removing lignin from pulp 
than conventional bleaching 
with strong alkali and chlorine 
derivatives. Contamination of 
native xylanases with 
cellulases that adversely affect 


Microbial cellulases and 
hemicellulases that hydrolyse 
plant cell walls have a key role 
in herbivore digestion and in 
recycling plant biomass via 
natural decay. They also have 
valuable uses in pulp and 
paper production, brewing, 
textile manufacture and as 
enzyme supplements for 
animal feeds. Current 
commercial use of cellulases 
and hemicellulases relies on 
often poorly-defined mixtures 
of naturally-occurring 
enzymes; improvements 
are hampered by a 

lack of under- 
standing of 
the role 


paper quality can be a problem. 

In the poultry industry, 
enzyme supplements 
containing xylanase and 
cellulase-related enzymes are 
routinely added to cereal- 
based feeds to promote 
breakdown of cell wall material 
which otherwise would remain 
undigested, leading to 
increased viscosity of intestinal 
contents and impaired 
digestion, nutrient assimilation 
and feed conversion. But the 
site and precise mode of 
action, and the optimal 
composition of the enzyme 
supplement remain 
undetermined. 

A Linked Research Group 
between scientists at the 
Babraham Institute and the 
University of Newcastle upon 
Tyne is studying the molecular 
structure and function of 
microbial cellulases and hemi- 
cellulases. Recently, genes 
coding for a number of hemi- 
cellulases have been isolated, 
including one encoding a 
fungal xylanase. By 
expressing the gene 
in the bacterium 
Escherichia 
coli, the 


of cellulose digestion. 


scientists are able to produce 
large quantities of an 
extremely active xylanase that 
is free from contamination by 
cellulase. This enzyme has 
potential value for bleaching | 
paper pulp and as a supple- 
ment in poultry feed. In 
feeding trials, this single 
enzyme proved as effective 

as the mixture of enzymes 
contained in some current 
commercial supplements, 
indicating that, in future, 
“designer supplements” could 
be made from combinations of 
recombinant enzymes encoded 
by cloned genes. 

Other cellulases and hemi- 
cellulases will almost certainly 
find industrial uses. The 
primary sequences of different 
enzymes are being compared 
to establish how structure 
relates to biological function. 
Many of these enzymes are 
modular, containing one or 
more catalytic domains linked 
to a non-catalytic cellulose- 
binding domain by a flexible 
hinge region. One area of 
interest to the researchers is 
the effect of the binding 
regions and linker sequences 
on the action of the enzymes 
on paper pulp, for example. 
This could indicate how 
enzyme activity might be mod- 
ulated by genetic engineering, 
and new enzymes designed for 
specific industrial purposes. 


Harry Gilbert, 
University of 
Newcastle upon Tyne 
Geoffrey Hazlewood, 
Babraham Institute 


A Strain of Escherichia coli, expressing a cellulase gene 
isolated from a cellulose-digesting bacterium, cultured on a 
cellulose-containing medium. Absence of the red dye is indicative 
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Scientists at the Institute of Food Research have achieved a European first 
by solving the three-dimensional structure of the enzyme pectate lyase. 
This breakthrough is important to the food industry since it should open 
up ways of favourably modifying the use of pectin as a gelling agent and of 
improving the process of fruit juice clarification. 


Pectate lyases are secreted by 
bacteria and fungi and are 

~ important because they initiate 
soft-rot diseases in plants by 
degrading polygalacturonate, a 
major component of plant cell 
walls as well as being involved 
in breaking down the complex 
carbohydrate, pectin. 

The structure of the pectate 
lyase from Bacillus subtilus 
has been solved and refined 
at 2.5A resolution. The most 
striking characteristic of this 
enzyme is the new parallel 
B-coil architecture in which the 
polypeptide chain coils around 
to form a parallel B-sandwich 
with a very regular 
arrangement of side-chains 
in the interior. Inhibitors of 
pectate lyase may be valuable 
for the protection of crops 
against pathogens. The new 
architecture may lead to 
novel strategies for displaying 
antigenic loops as well as 
providing a new fold which 
may find many new biotech- 
nological uses. 

Proteins may be classified 
according to their secondary 
structure content and topology 
as: o.-helical, B-sheet, o/B or 
a+. The all B-proteins are 
mostly antiparallel and all 
parallel B-structure was 
considered to be unstable, 
Partly because it had not been 
observed, but also because 
the non-bonded interactions in 
a parallel-B are less favourable 
than those of antiparallel-f. 
However, pectate lyase is a 
Parallel B-protein with a new 
architecture; the B-coil. The 
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consequence of coiling the 
polypeptide chain around into 
a structure resembling a spring 
is the striking regularity of the 
side-chain contacts that can be 
made both within and on the 
surface of the molecule (see 
figure). Especially striking is 
the stack of aromatic groups, 

a favourable packing 
arrangement not often allowed 
by the main-chain geometry of 
globular proteins but seen in 
double stranded DNA. 

Pectate lyase catalyses the 
cleavage of a-1,4 linked 
galacturonosyl residues of 
pectate by a B-elimination. 
Pectin and pectate lyases are 
homologous but pectate lyases 


Side-chain stacks within the interior of the B-coil include stacks of 
isoleucines, asparagines and aromatic residues. The regularity of the 
structure is striking as is the close packing of the aromatic residues. 


are distinguished by a require- 
ment for calcium and a higher 
pH optimum. The calcium 
binding site of the pectate 
lyase from B. subtilis is at the 
junction between the major 
spring domain, which consists 
of eight turns of B-coil, and a 
second domain formed by 
three loops which extends 
from turns one, three and four 
of the basic B-coil motif. The 
calcium binding site consists 
of three aspartic acid residues. 


It is expected that the calcium 
at this site will bind to the 
carboxy-group of the pectate 
substrate. 


Richard Pickersgili, 
Institute of Food Research 
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New targets for pesticides identified 


Research is providing new options for the rational 
design of safer agrochemicals. 


ab 


Many pest control agents rely 
for their effectiveness on 
blocking the passage of 
chemical signals between the 
nerve cells of invertebrates. 
An important family of 
receptor molecules in cell 
membranes that receive and 
relay chemical signals is being 
characterised. Understanding 
the functions of different 
regions of these molecules 
should enable the design of 


pesticides specifically targeted 
to block signal transduction. 

It might also suggest new 
strategies for combating the 
evolution of resistance to 
pesticides - a serious problem 
with some pests. 

Attention has focused on 
receptors for two fast acting 
primary chemical signals, 
acetylcholine and GABA 
(gamma-amino butyric acid). 
The receptors, each composed 


A Family likeness: Schematic representations of neurotransmitter 
binding subunits of locust (aL1) nicotinic acetylcholine receptor and 
Drosophila (8) GABA receptor. Four membrane spanning regions are 
shown as cylinders. In each case, the long N-terminal extracellular 
region contains the neurotransmitter binding site. MA is a predicted 
amphipathic helix unique to nicotinic receptors. 


of five subunits, span the 
outer membrane of the nerve 
cell. On recognition of the 
appropriate signal, each 
receptor briefly opens an 
aqueous channel across the 
otherwise waterproof mem- 
brane through which ions can 
flow, thereby passing infor- 
mation from one cell to 
another. 

In collaboration with the 
MRC Molecular Neurobiology 
Unit in Cambridge, the gene 
coding for the acetylcholine 
receptor of locusts has been 
isolated and sequenced. The 
chemical specificity of regions 
that bind the primary signals 
and those responsible for 
making the cross-membrane 
channel have been characte- 
rised in detail. Also located 
was a site that binds 
nitromethylene insecticides. 
This was the first insecticide 
molecular target of this class 
to be characterised to this 
level of molecular detail. Work 
is also underway on nematode 
acetylcholine receptors, the 
molecular targets of anti- 
parasitic drugs for human 
and animal use, such as 
levamisole. 

Recently, in a joint venture 


with E | duPont de Nemours 
and Co of the USA, genes 
coding for the GABA receptors 
in the fruit fly Drosophila have 
been cloned and sequenced. 
The wealth of genetic infor- 
mation available for this 
organism and access to 
mutants resistant to insect 
control agents is providing 
new insights into resistance 
mechanisms. 

The diagram shows the 
strong overall structural 
similarities between the 
acetylcholine and GABA 
receptor subunits. However, 
it is the differences between 
them that yield the most 
interesting information. For 
example, it should be possible 
to understand in molecular 
terms why these two receptors 
are targets for chemically 
distinct pesticides. Basic infor- 
mation about the molecular 
activity of pesticides and their 
selectivity is also a pre- 
requisite for designing 
effective and highly specific 
pest control agents that do 
not harm beneficial 
invertebrates. 


David Sattelle, 
Babraham Institute 


A Babraham t and duPont ¢ scientists collaborating on the 
characterisation of receptor molecules: (from left) J Rauh #f, 
D Sattelle t, R Flattum #, R B Heap t, J Pierce # and G Hollingshaus ¥. 
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Natural molecules to enhance stability of industrial foams and emulsions 


Fundamental research into the behaviour of 
biological molecules at interfaces indicates that 
natural components might replace synthetic 
stabilisers and emulsifiers for the food and 
pharmaceutical industries. 


surfactant molecules such as 
lipids that are able to locate 
between protein molecules 
effectively breaking their 
interactions and weakening 


Many foods are composites in 
which particles are dispersed. 
For example, foams (air 
bubbles in water) are found 
in cakes, snack foods, ice 


creams, mousses, etc, and 
emulsions (oil droplets in 
water and vice versa) in 


mayonnaise and dairy spreads. 


Many cosmetic and pharma- 
ceutical preparations are also 
emulsions. 

Proteins can be effective 
~ stabilisers of foams and 
emulsions by adsorbing and 
interacting at the water-air, 
or water-oil interface. In such 
cases the stability of disper- 
sions depends on the main- 
tenance of viscoelastic layers 
of protein that form at the 
interfaces between the 
different components. 
However, the structural inte- 
grity of this adsorbed protein 
layer can be impaired by small 


the layer. 

Two different approaches 
for enhancing dispersion 
stability are being invest- 
igated, both deploy naturally 
occurring molecules. The first 
involves small molecules that 
can crosslink proteins at the 
interface and so strengthen 
the adsorbed layer against 
disruption. The second uses a 
lipid-binding protein to 
“mop up” molecules that 
would otherwise weaken the 
protein layer. 

The iso-a-acid fraction 
from hops has been found to 
stabilise protein foams by 
crosslinking. This work will be 
extended in a collaborative 
DTl-funded LINK project, 
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involving four commercial 
brewers and the Brewing 
Research Foundation Inter- 
national, in which the six 
isomers of the acids are being 
separated and the stabilising 
properties of each will be 
characterised. Foam stability is 
measured by its conductivity: 
the better the dispersion, the 
smaller the air bubbles, the 
more the connections between 
them and so the higher the 
conductivity. As the dispersion 
collapses and bubbles 
coalesce, conductivity declines. 
These results are correlated 
with measurements of the 


A Laser interferometry is used to measure interactions within and thickness of adsorbed protein layers in 
a thin film between two air bubbles in a model foam. 


extent of hop acid-induced 
crosslinking in the adsorbed 
protein layer measured using a 
laser-based fluorescence 
photobleaching technique 
called FRAP. 

Studies are being 
broadened to evaluate other 
natural functionality enhancing 
molecules. For example, 
tartaric acid may exert an 
electrostatic bridging role, as 
might some polysaccharides 
and amino acids. This builds 
on earlier work demonstrating 
that mixtures of positively and 
negatively charged proteins 
formed strong electrostatic 
interactions in the adsorbed 
layer. The properties of the 
hop acids and these other 
molecules are also being 
investigated in emulsions. 

Collaborative research with 
French scientists has shown 
that protein-protein inter- 
actions in the adsorbed film in 
foams can be stabilised by 
removing competing surfact- 
ants. The properties of a lipid- 
binding protein, puroindoline, 
isolated from wheat by the 
French group, have been 
examined both with lipid 
analogues and in beer. Mech- 
anisms for its mode of action 
have been proposed, and 
further investigations and 
possible exploitation is being 
pursued with industry. 


David Clark, 

Institute of Food Research 
Didier Marion, 

INRA, Nantes, France 
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ield experiments are being used to identify 


"Ti 


conditions and industrial requirements. 


Several species of perennial, 
fast-growing grasses are 
possible candidates for devel- 
opment as energy crops on set 
aside land in the UK. One of 
the best known is the Asian 
woody grass, Miscanthus. An 
experimental area measuring 
24m x 50m has been 
established as part of the EC 
Network on Miscanthus at 
the Institute of Arable Crops 
Research. Work has com- 
menced to identify basic 
physiological characteristics 
that will be important in 
determining the yield and 
potential value of Miscanthus 
as a UK crop. For example, 
measurements of nutrient 
demand will allow assessment 
of long-term impact on soil 
fertility and the implications 
both for crop management 
and for eventual return to 


food production of land used 
for Miscanthus. Miscanthus 
belongs to the Graminae and 
the extent to which it might 
act as a reservoir for diseases 
of cereals such as wheat, 

or itself be a victim of wheat 
pathogens, is being 
investigated. 

Two American grasses, 
the wetland grass Spartina 
and the prairie grass Panicum 
(switch grass) are also being 
tested for their performance 
under UK growing conditions; 
and Rye is being examined 
because of its potential to 
produce high yields of dry 
matter earlier in the year 
with relatively low inputs of 
nutrients. 

In addition to EC funding, 
this research is supported 
from the DTI through the 
Energy Technology Support 


Unit (ETSU) and is conducted 
in collaboration with ADAS. 

The profitability of 
electricity generation from 
arable wood crops has been 
examined and mathematically 
modelled. This model con- 
siders the factors that exert a 
major influence on profitability 
over about twenty years. 

An important decision for 
the farmer is whether the 
investment in generating 
equipment will yield a profit 
over the life of the enterprise. 
The model identifies the 
maximum affordable annual 
generating costs, based on 
consideration of predicted 
crop yields, generator 
efficiency, price paid to the 


In the Spring, shoots arise 
from underground rhizomes. 
At present establishment costs 
are high but cost reductions 
will take place with large scale 
production. 


Eric Audsley, 


Silsoe Research Institute 


Yields of Miscanthus in the UK are expected to be c. 20t/ha. 
Full productivity is expected to take up to 3-4 years from planting, 
and to remain high for 15-20 years. (Photograph courtesy of 
22 Dr N. El Bassan, FAL, Braunschweig) 


farmer for electricity, capital 
costs of harvester and cost 
of cutting. 


Dudley Christian, 
Institute of Arable Crops 
Research 


A market study has identified 
several potential outlets for 
fibres extracted from linseed 
straw. These include soil 
erosion control blankets, 
speciality paper pulps, indust- 
rial absorbents, linings and 
panelling for vehicles, and as 
a replacement for asbestos 
fibre in fibro-cement building 
products. 

Some uses are being 
explored experimentally with 
- industrial partners. For 
example, a matting made from 
linseed fibre in collaboration 
with Gaskell Textiles Ltd, is 
about to be field tested for 
its effectiveness as a bio- 
degradable blanket for 
preventing soil erosion. 
Collaborative research with 
Compak Systems Ltd has 
shown that the non-fibrous 
“shiv” from linseed straw can 


be milled and converted into 
board of similar strength to 
conventional chipboard, but 
with a tensile strength of more 
than twice that of a similar 


board made from wheat straw. 


Emphasis continues to be 
placed on obtaining a better 
understanding of how the 
physical characteristics of 
the plant affect both fibre 
behaviour during processing 
and fibre quality. Trial 
samples of fibre, produced 
in laboratory scale processes, 
are being used to evaluate the 
effects of plant variety, 
nutrient regimes and sowing 
density. It might be expected 
that cultural conditions such 
as high sowing density and 
high nutrient applications 
would result in fibres that are 
respectively thinner and elon- 
gated. How this influences the 


A Single seed-flax fibres produced from linseed straw 
by prototype decortication equipment developed at Silsoe Research Institute. 
(Image by kind permission of University of Leeds, Department of Textile Industries.) 23 
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Fundamental research on the mechanical 
properties and fracture mechanics of plant 
fibres - aimed, for example, at understanding 
the nature of the bonds between fibrous and 
non-fibrous material and how they are broken 
- is being conducted in parallel with projects in 
the LINK programme “Crops for Industrial 
Use”. Together, these approaches are 
providing a basis for improving fibre crops, 
and for developing new processing 
technologies and industrial applications. 


mechanical properties of the 
fibres will be explored. 
Industry requires efficient 
methods for extracting fibres 
without damaging them. 
Enzyme treatment to weaken 
the bonds between the fibres 
and other components of the 
stem Is an attractive option. 
Studies of the structural 
biology of plant stems will 
provide clues as to which 


enzymes may be most suitable 
for fibre separation. 


David Bruce, 

Harry Gilbertson, 
Silsoe Research Institute 
Jane Rickson, 

Silsoe College 

David Johnson, 
University of Leeds 
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Process control and 
optimisation 


Optimisation of glasshouse environments 


Research on dynamic systems for controlling the 
environment in glasshouses and advances in 
understanding the physiological response of 
plants to their environment have led to a new 
philosophy for controlling conditions to optimise 
profitability. 


In most commercial 
glasshouses, microprocessor 
controllers maintain temper- 
ature, carbon dioxide con- 
centration and humidity at 
fixed levels, or within set 
bands, according to the stage 
of crop development. 

Profits might be increased, 
however, by more flexible 
systems in which conditions 
are modified in response to 
the plants’ requirements and 
responses, external climatic 
conditions and economic 
factors. For example, 
tomatoes, lettuce and 
chrysanthemums respond to 
average temperatures, so 
savings might be made by 
allowing temperatures to 
fluctuate within say t 2-4°C. 

This new approach is based 
on mathematical models of 
how plant growth and yield 
are influenced by the environ- 
ment, and of the engineering 
inputs required to achieve that 
environment. In each case 
value/cost figures are incor- 
porated, allowing profitability 
to be optimised by selecting 
the point of maximum differ- 
ence between crop value and 
environment cost. 

Models have been 
constructed to quantify the 
inputs of energy and carbon 
dioxide (CO,) required to 
control the glasshouse environ- 
ment. Photosynthesis and the 
partitioning within the plant 


of photosynthetic products 
have also been modelled. 

These models have been 
used to develop a control 
program which finds values 
of individual environmental 
variables which maximise the 
financial margin between crop 
value and the cost of environ- 
mental control. The first of this 
new generation of control stra- 
tegies will be tested shortly, 
with support from the Horti- 
cultural Development Council, 
at a commercial nursery. 

Interactions between 
temperature, CO, concen- 
tration and humidity are taken 
into account in a multivariable 
greenhouse model which has 
been developed. This is being 
used as the basis for develo- 
ping a simple, robust model 
suitable for use in control. 
Research is characterising 
the constraints in automated 
control systems, such as 
greenhouse response time and 
deviation from the predicted 
environment conditions. 

The concept of modulating 
humidity to reduce chemical 
inputs and minimise water 
consumption without 
impairing quality and yield is 
being explored as part of an 
EC programme on Intelligent 
Management and Control 
of Greenhouse Production 
Systems. Options are to pre- 
vent condensation and the risk 
of fungal attack, thus de- 


A Models have been constructed to control the glasshouse 
environment which investigate interactions between temperature, 
CO, concentration and humidity. 


creasing reliance on fungicides, 
matching water supply more 
closely with demand, and 
recirculating nutrients to avoid 
discharging fertiliser into the 
environment. 


Bernard Bailey, 

Silsoe Research Institute 
Ken Cockshull, 
Horticulture Research 
International 

Peter Young, 


University of Lancaster 


Integrated systems of pest control 


A key objective of modern 
pest control strategies is to 
minimise impact on the 
environment, for example on 
beneficial insect species, 
without impairing the cost- 
effectiveness and efficiency 
of pest management. 
Considerable effort is being 
made to develop integrated 
systems in which the use of 
chemical pesticides is com- 
bined with natural control 

~ agents such as the predator 
enemies of pests, and other 
natural control systems such 
as the attractants and repell- 
ents that influence plant/insect 
interactions. 

Naturally occurring 
behaviour-modifying chemicals 
known as semiochemicals are 
already being exploited in 
crop protection for pest 
monitoring and control by 
disrupting insect mating 
behaviour. Other uses are 
showing great promise, e.g. 
in dispersing insect pests away 
from the crop (alarm phero- 
mones), deterring them from 
eating crop plants 


(antifeedants), or luring them 
into traps or to sites where 
they can then be destroyed 
(aggregation and sex phero- 
mones). More needs to be 
known about the chemistry 
of natural attractants and 
repellents and other bio- 
logically active compounds in 
crop plants and their effects 


on pest and beneficial species. 


By using a sensor attached 
to an insect’s antenna in 
combination with gas chroma- 
tography, it is possible to 
identify compounds that in- 
duce a response in the insect. 
As part of a large MAFF (PSD) 
funded project, this coupled 
approach has been refined so 
that responses from individual 
nerve cells can be incorpor- 
ated. Now, for the first time, 
single cell recordings from 
honey bees are showing spec- 
ificity to particular chemical 
structures, aS opposed to the 
previously held view that 
generalist receptors pre- 
dominate. A further novel 
development, coupling gas 
chromatography with 
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A novel method is being used to identify 
volatile compounds in flowers that are 
recognised by bees and stimulate foraging 
behaviour. This is just one example of studies 
of the chemical ecology of insects that are 
aiding the design of environmentally-friendly 
methods of pest management. 


simultaneous measurement 
of neurophysiological and 
behavioural responses, is 
being used to investigate 
odour cues in oilseed rape 
that assist the bees in 
recognising the flowers, and 
that stimulate foraging. 

After an initial conditioning 
by exposure to the test 
sample, the bee is induced to 
extend her proboscis by the 
application of sugar solution, 
followed by a final reward with 
the solution. Test samples 
include individual components 
and the total rapeseed flower 
volatiles obtained by air 
entrainment. There is clear 


evidence of a predisposition 
to certain structural types in 
terms of the compounds to 
which the bees respond. 

This new research is being 
conducted in collaboration 
with INRA and CNRS in France. 
In addition to its contribution 
to integrated pest control, this 
study will also provide import- 
ant information about how 
plant/insect relationships might 
be altered in new genetically 
modified oilseed rape plants. 


John Pickett, 
Institute of Arable Crops 
Research 


< The honey bee can 
be conditioned, by use 
of a sugar reward, to 
extend its proboscis in 
response to flower 
volatiles, allowing 
studies on activity of 
individual components 
separated by gas 
chromatography. 
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Technology interaction 


The Council attaches great importance to technology 
interaction with the industries it serves. The main 
components are direct fully-funded contract work in areas of 
mutual interest, collaborative projects and programmes, and 
technology and information transfer leading to innovation. 
Examples are given here and elsewhere in the Report, for 
example, on pages 71, 15, 20, 23, 24, 34 and 417. 


External income 
Council conducted an internal review of its technology interaction 
mechanisms at the end of 1992. It concluded that technology 
interaction should have a much higher profile in the Council’s 
affairs, that AFRC science and technology should be marketed 
more aggressively than at present and that the AFRC’s capability 
in this area should be strengthened. Specific new initiatives 
include: 

¢ Improving staff awareness of the potential of 

intellectual property 

¢ Introducing incentive schemes 

¢ Reviewing institute commercial units 

¢ Strengthening the central technology transfer capability 

¢ Introducing measures to monitor technology interaction. 
Council attaches equal importance to the transfer of technology 
which can be protected, exploited and produce a financial return, 
and to the transfer of information which cannot or need not be 
protected but which results in the incremental increase in know- 
how which continues to benefit the agricultural and food 
industries. Council has set up a Committee which, on a 
continuous basis, will determine new technology interaction 
policies, recommend additional mechanisms aimed at improving 
innovation processes and monitor progress towards objectives. 


Major industrial collaborators during 1992/93 included: 


Agricultural Genetics ICI ple 


Company Ltd Intervet plc 


BP International Ltd Pharmaceutical 


BP Nutrition Ltd Proteins Ltd 

British Technology Group Pitman-Moore 

Ciba-Geigy Agrochemicals SmithKline Beecham plc 
duPont (UK) Ltd Sigma Tau Pharmaceuticals 
Germinal Holdings Unilever plc 


Institute income from commercial and other sources 
5.6 


£M 
w 


[AH IAPGR IACR 


Over half the income comes from industry and associated levy bodies. The balance comes from sources such as 
26 ODA, DTI, MAFF Open Contract Fund, Trusts, Charities and the EC. 


LINK 

AFRC is active in the Government’s LINK scheme, both as a 
programme sponsor and, through its institutes, as the academic 
partner in specific projects. The Council now sponsors ten of the 
thirty two programmes approved to date, with a total 
commitment of £5.8M. 


AFRC 
Commitment ~ 
£K 
Control of Plant and Microbial Metabolism 300 
Protein Engineering 830 
Eukaryotic Genetic Engineering 500 
Molecular Sensors 250 
Design of High Speed Machinery 500 
Crops for Industrial Use 1,500 
Agro-Food Quality 500 3 
Techniques for Sustainable Farming Systems 450 
Biological Treatment of Soil and Water 500 
Cell Engineering 500 


TOTAL 5,830 


The Council also has its own Collaboration With Industry 
Scheme (CWIS) which follows LINK principles but operates on a 
project basis in areas not covered by LINK programmes. Twenty 
five projects costing AFRC a total of £3.4M at various institutes 
and universities have been approved to date. This sum has been 
matched by industry. 

In 1992/93 the Council spent over £1M on these LINK and 
CWIS activities. 


Scott Lawrie, AFRC Central Office 


Totals 
B 1990/91 16.4 
& 1991/92 22.2 
W@ 1992/93 23.7 
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A The world’s first calves of pre-determined sex. 


FTIR for food and other applications 
An initial concept investigated at the Institute of Food Research 
has led to development of a novel, inexpensive and rapid system 


for on-line analysis of the composition of foods which is now being 


factory-tested. 

The system uses Fourier Transform Infrared Spectroscopy 
(FTIR) - in this technique the absorption of infra red light by a 
Sample is measured, the frequency of light absorbed indicating 
the components present in the sample. Initial research focused on 
the development of a system for capturing FTIR data from food 
samples and correlating these with compositional information. 
Conventional probes for FTIR are made of toxic materials. A food- 
Safe probe was developed using a novel sapphire attenuated total 
reflectance crystal - designed for specific optical geometry. This 
has been patented and is now licensed to Graseby Specac Ltd. 

A fibre optics system for process control, to allow the FTIR to 
multiplex to a number of sampling points has been designed in 
collaboration with BTG and is the subject of another patent. 
Under a LINK project three FTIR systems are now being factory- 
tested in collaboration with instrument manufacturers and 
food companies. 

As well as applications in quality control, the FTIR probe can be 
used by retailers for product authentication. Because of its robust 


Natural control of slugs 

A natural, biological method of slug control using a naturally 
occurring strain of nematode worm has been developed by the 
Agricultural Genetics Company in collaboration with scientists at 
the Institute of Arable Crops Research, Long Ashton Research 
Station. 

The nematode strain was isolated from soil and is now being 
grown in special fermenters. It burrows into the slug through a 
tiny pore on the back of the mollusc, where it reproduces and 
eventually kills it, before moving to another host. 

The nematode strain infects and kills a range of slug species, 
including all the economically important pest species of Europe. 
It provides an effective method of pest control at temperatures 
down to 5°C and is specific to molluscs. The effectiveness of this 
method of control has been successfully demonstrated in initial 
field trials on winter wheat and lettuce. These trials are now being 
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World’s first calves of pre-determined sex 
Research at the Babraham Institute in collaboration with the 
United States Department of Agriculture and Animal Biotech- 
nology Cambridge (Mastercalf) has led to a technique for 
separating the X- and Y- carrying sperm of bulls. This has been 
successfully employed to produce calves of pre-determined sex. 

The technique is based upon the fact that sperm carrying the 
X chromosome, which result in female calves, have about 4% 
more genetic material (DNA) than the male-determining Y- 
carrying sperm. The sperm are stained with a fluorescent dye 
and separated by passage through a laser beam using a specially 
modified flow cytometer/cell sorter. 

A project currently funded at Babraham Institute by Genus Ltd 
is investigating possible differences in enriched populations of X- 
and Y- separated bull sperm that might form the basis of other 
separation procedures. 


David Cran, Mastercalf 
Brian Heap, 


Nigel Miller, Babraham Institute 


A Novel sapphire attenuated total reflectance crystal - the key to a 
new on-line method of measuring the composition of foods. 


and inert nature, it also has potential applications in industries 
other than food, for example, in the pharmaceutical and 
petrochemical industries. 


Reg Wilson, Institute of Food Research 


A Slugs - the mantle of the slug on the left is swollen due to infection 
by the nematodes used for biological control. 


extended. It is envisaged that a commercial product will be 
available by 1995/96. 


David Glen, Institute of Arable Crops Research 


iy-Nastellclaluiacem eyIsiis 
oan arclalelare) 
— policy making 


“There are educational and cultural reasons 
for funding research: research is needed to 
inform or develop policy...(1.4) 


_ €So pervasive are science and technology 
nowadays that most Government 
- Departments use them - to a greater or 
_ lesser extent - when exercising their policy, 
_ regulatory, statutory and procurement 
responsibilities... (5.1) 
a The Council receives com- 
missions from Government 
Departments, principally 
MAFF, that directly relate to 
policy issues in UK agriculture, 
food, nutrition and so on. In 


“It is also important to ensure that the 

United Kingdom exploits to the full 
opportunities to capitalise on overseas 
_research and development and to promote 

British science and technology abroad...” 


(6.20) Ce 
ee ay 2 q addition, fundamental research 
Hoe Realising our we a a ve C q supported through the Science 
es Potential: i 2 / es — 7 Budget provides a basis for 
A Strategy | | . q understanding processes 
Pe olaXe(- (ce | 4 such as the spread of animal 
Engineering feritel _ i af q disease, biology of food-borne 
Technology. ‘a ‘ ie q pathogens, and plant- 
~ rf i ‘Se q environment interactions that 
are also directly relevant to 
policy formulation. 
gz As well as information 
aie relating directly to the details 


of research programmes, the 
Council actively contributes to 
public debate on a wide range 
of science policy and related 
si issues. During the year the 
re : AW Faas Council presented evidence to 
5 the House of Commons Select 
f } Me : Committee on Science and 
Technology: Inquiry into the 
Policy and Organisation 
of the Office of Science 
and Technology, and 
made a submission to the 
consultation process which 
preceded the White Paper on 
Science and Technology. The 
Council provided information 
to assist OPSS Ministers in 
answering twenty two 
iamentary Questions and 
: erial cases. 


aren 


{1 ¥ vide 
bs 


Career development 


in biological 
sciences 


The Council’s human resource 
policies have been extensively 
reviewed, placing a new 
emphasis on performance 
management and personal 
development. During the year, 
a new management training 
strategy was approved and 
implementation begun. This 
provides a common “core” 

of competence-based training, 
supplemented by an extensive 
range of skill-based modules 
designed for the AFRC 
environment. A new system 

of appraisal of personal per- 
formance and development 
has been introduced and 
provides the basis for an 
annual assessment of training 
needs across the Council. 

During 1992-93, the 
Council’s commitment to the 
development of genuine 
equality of opportunity in 
employment was carried 
forward with a new set of 
policy statements covering all 
aspects of equal opportunities, 
linked to a programme of 
senior management seminars, 
and to a set of clear objectives 
for the next five years. The 
Council has affiliated to 
Opportunity 2000, a Business 
in the Community initiative 
aimed specifically at improving 
the position of women in 
employment. 

The Council has welcomed 
the increased levels of flex- 
ibility and delegated authority 
in setting terms and conditions 
of employment made available 
by HM Treasury and has begun 
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to work towards taking control 
of its own pay bargaining in 
1994-95. 

Details of the Council’s 
human resources are given on 
page 60. 


Bob Price, 
AFRC Central Office 


Support for 

university research 

The support of research and 
research training is a major 
aspect of Council’s work. 
Council seeks to develop and 
sustain high quality research 
in universities within its range 
of interests and encourages 
links between university 
researchers and scientists at its 
own institutes. 


Postdoctoral fellowships 

In 1989 the Council expanded 
its Postgraduate Research 
Training to include a Post- 
doctoral Fellowship Scheme. 
The Scheme provides support 
for a small number of 
outstanding research workers, 
to enable them to devote a 
significant period to indepen- 
dent full time research and 
scholarship. A fellowship is 
normally awarded for five 
years in the first instance 

and provides a salary for the 
fellow and a substantial 
setting-up grant to establish an 
independent research 
programme. Currently twenty 
one postdoctoral scientists are 
supported under the scheme. 


Research awards 

The majority of AFRC’s 
research grants are awarded in 
the responsive mode although 
an increasing number are 
currently being awarded under 
coordinated programmes. 


The resource base 


Research awards include: 

- Linked Research Group 
Awards which provide funding 
for work by universities which 
complements and draws 
upon experience, skills and 
experimental facilities in AFRS 
institutes. 

- New Investigator Awards 
which give an-opportunity to 
less experienced scientists to 
obtain financial support for 
research at an early stage in 
their careers. 

- Cooperative Research 
Grant Awards which encourage 
the participation of UK indus- 
try in joint research projects 
with universities. 

Coordinated programmes 
bring together a wide range 
of research groups in AFRC 
institutes and universities for 
developing new scientific 
Opportunities. A broad area 
of research is identified as 
priority and research groups 
in AFRC institutes and in 
universities are invited to 
submit research proposals. 
Coordinated programme 
initiatives are advertised in 
the scientific press. Research 
grants within coordinated pro- 
grammes are usually standard 
awards and although the 
general terms and conditions 
are the same, programme 
awards can be subject to 
special conditions specific to 
each programme. A list of 
coordinated programmes and 
their costings appears on page 
61, together with details of the 
Council’s grant awards. 


Brenda Mortimer, 
AFRC Central Office 
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Systems modelling 


The epidemiology and evolution of 
foot-and-mouth disease 


Foot-and-mouth disease (FMD) continues to 
threaten continental Europe and the United 
Kingdom. Fifty seven outbreaks have occurred in 
Italy during the period February to June 1993 and 
one outbreak in Bulgaria during May. Analyses 
have shown that the causal viruses originated 
from the Middle East. How they were introduced 
into Europe remains a mystery but these examples 
have highlighted the extensive trade in animals 
across Europe and the increased risk of rapid 
disease dissemination since the establishment of 
the Single Market and cessation of routine 
vaccination against the disease. 


Rapid implementation of 
control measures is essential 
for eradication of outbreaks 

of FMD and information about 
likely spread and evolution of 
the disease is vital for the 
planning and management of 
control procedures. Computer- 
based models are being 
developed to aid decision 
making in the event of an out- 
break of FMD. This is part of 
an EC-supported collaboration 
with researchers in Denmark, 
The Netherlands and Italy. 

These models will process 
data generated in outbreaks 
and predict the risk of disease 
spreading by direct and 
indirect contact and on the 
wind. This will allow identifi- 
cation of the most effective 
deployment of manpower and 
most appropriate control 
measures. An incorporated 
economic model will estimate 
the consequences of different 
control strategies. 

There are seven immuno- 
logically distinct types of FMD 
virus and within each serotype 
many highly variable strains. 
Variation in a part of the 


Genetic relationships 


between FMD viruses from 
Italy and Bulgaria in 1993 
and the Middle East. > 


genetic sequences has been 
analysed in nearly 700 isolates 
of the virus. This “molecular 
fingerprinting” revealed 
related clusters of isolates 
which are geographically 
restricted. Characterisation of 
FMD viruses has been shown 
to be of practical value in 
providing information about 
the origin of outbreaks. 

The evolution of FMD virus 
in countries where the disease 
is endemic and where epid- 


emics have occurred is being 
studied in collaboration with 
the veterinary authorities of 
several countries including 
Zimbabwe, Turkey and Saudi 
Arabia. 

Research is focused on 
understanding what controls 
variation in FMD virus and 
how evolutionary rates change. 
The latter topic is part of a 
link programme with scientists 
at the University of Oxford. 
Biomathematical methods will 
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FMD in Italy 
and Bulgaria 
in 1993. 


be used. The application of 
biomathematics to disease 
epidemiology modelling offers 
new and exciting possibilities 
and was the theme of a 
research workshop sponsored 
jointly by the AFRC and SERC 
at the University of Warwick in 
May 1993. 


Alex Donaldson, 

Institute for Animal Health 
Mark Woolhouse, 
University of Oxford 
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Crop management under environmental change 


_The Council’s research on 


biological response to global 


environmental change includes 
a new coordinated programme 


that supports twenty-six 
projects in eleven universities 
and three institutes (IACR, 
IGER, IPSR). Council scientists 
are also participating in 
international climate change 
activities, such as the EC’s 
ENVIRONMENT programme 


_ (projects CROPCHANGE and 


ESPACE) and in core 
programmes of the Global 
Change Terrestrial Ecosystems 
activities of the International 
Geosphere Biosphere 
programme. Topics include: 
effects of elevated carbon 
dioxide and temperature on 
plant production, yield and 
quality, on nutrient par- 
titioning and on interactions 
between plants and soil 
microbes together with the 
effects of temperature on 
incidence of pests and 
diseases. Some examples of 
AFRC supported research are 
given below. 


~ Modelling how arable 
_ crops respond to 


; 


environmental change 
Experimental analysis of the 
effects of increasing atmos- 


- pheric carbon dioxide, and 


of changes in temperature, 
on arable crop plants is being 
used to test and improve 
computer models of crop 
processes that may be used 
to predict agronomic and 
ecological responses to 
environmental change. The 
Current concentration of 
Carbon dioxide in the atmos- 
phere is 355 cm3 m-3; it is 
Predicted that this will double 


by the end of the next century. 


An accompanying increase of 
up to 4°C in global temp- 


' €ratures is expected. 


A new Climate Change 
Facility at Rothamsted Exper- 


_ imental Station provides 
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Environmental change poses challenges and provides opportunities. A 
better understanding of how plants respond to climatic and other factors 
will allow agricultural policy makers to plan for likely future scenarios, and 
aid plant breeders in developing resilient varieties. Studies range from 
characterisation of molecular and cellular responses in plants to the 
construction of predictive models of cropping patterns across the UK, 
under different environmental conditions. Some of this research is 


controlled conditions in which 
plants are grown with different 
concentrations of carbon 
dioxide and over a wide range 
of temperatures following 
natural diurnal and seasonal 
changes. Plants are grown 
with natural daylength and 
solar radiation supplemented 
with artificial light to achieve 
conditions representative of 
the UK. 

One area of interest is the 
effect of temperature and 
carbon dioxide concentration 
on grain production in winter 
wheat because of its economic 
importance. When the effects 
of increased carbon dioxide 
and temperature were 
simulated by the AFRC- 
WHEAT1 model, the pre- 
dictions of total dry matter 
were close to experimental 
observations (see figure) when 
the model was given observed 
leaf area as an input. 

Crop modelling must be 
able to take into account 
inherent variability in the 
weather and the non-linear 
nature of crop responses to 
environment. For example, 
water use efficiency changes 
with absolute supply and 
small amounts of rainfall are 
used much more efficiently 
than larger amounts, affecting 
leaching and runoff. Extreme 
conditions such as drought or 
very hot periods have pro- 
found effects, and their 
frequency will increase if the 
climate becomes more 
variable, as has been 
predicted. Effects of such 
extreme events will be tested 


supported through MAFF commissions. 


experimentally and by 
modelling approaches to 
evaluate the potential damage 
to agriculture in a changed 
climate. 

The response of sugar beet 
to conditions of climate change 
is being examined experiment- 
ally and by modelling studies 
in work supported under the 
Global Environmental Research 
Initiative. 


David Lawlor, 
Institute of Arable Crops 
Research 


The new Climate Change Facility 
at Rothamsted. > 
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A Effects of combinations of carbon dioxide concentrations (350 
and 700 cm; m-3) in the atmosphere and temperatures (ambient and 
+4°C) on the dry matter production of winter wheat cv. Mercia grown 
in 1990/91 season in the simulated field environments. Dry matter 
production calculated from the total productivity submodel of 
AFRCWHEAT1. 
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Warm and wet vs. warm 
and dry 

Predicting how changes in 
climate would alter the suitab- 
ility of different crops for 
regions of England and Wales 
has been recognised as an 
important area of scientific 
research by MAFF. Using 
mechanistic crop growth 
models, scientists at the 
Institute of Grassland and 
Environmental Research and 
Environmental Change Unit, 
Oxford are mapping the 
possible consequences of 
climate change. 

Most climate research 
centres predict an increase in 
the earth’s temperature of 
about 2°C by the year 2070. 
Variation in patterns of rainfall 
is also predicted. By combining 
baseline climate data from 
1951-1980 and the needs of 
the crop for moisture, sunlight 
and warmth, growth can be 
determined by the growth 
model. The accuracy of the 
results is confirmed by current 
patterns of cropping. By using 
this procedure, the 
consequences of a 2°C rise in 
UK temperatures accompanied 
by a 10% increase or decrease 


These maps predict areas 
suitable for forage maize: 


(a) baseline; 
(b) + 2°C + 10% rain; 
(c) + 2°C - 10% rain. 


in rainfall can be seen in terms 
of where crops could and 
could not be grown. 

The maps (below) illustrate 
the implications for forage 
maize: an option for most of 
England and Wales if higher 
temperature is accompanied 
by higher rainfall but economic 
production only in the west if 
rainfall decreases. 

In addition to forage and 
grain maize this procedure 
covers main crop and early 
potatoes, grass, spring barley 
and pears. These results will 
aid decision making on crop 
production and marketing in 
the future. 


Alun Davies, 

Chris Pollock, 

Institute of Grassland and 
Environmental Research 
Martin Parry, 

University of Oxford 


Cellular clues to hardiness 
The ability of grasses and 
cereals to recover after 
freezing, i.e. their hardiness, 
is being investigated to identify 
the mechanisms involved. 
Warmer winters would be 
expected to lessen hardiness, 
with the result that plants 
could then become vulnerable 
to colder spells if the climate 
remained variable. 
Unhardened seedlings of 
grasses and oats are killed at 
about -6°C, but plants that 
have been hardened can 
survive, in some particularly 
resistant varieties to temp- 
eratures as low as -15°C. 
However, in all cases, whether 
hardened or not, actively- 
growing tissues of the main 
apices (growing points) appear 
to be irreversibly damaged at 
about -6°C. Resistant plants 
can grow again from dormant 
buds whereas in susceptible 


plants growth may restart but 
is not sustained. The metabolic 
basis of these differences 
between resistant and 
susceptible plants is being 
characterised. Cells in the layer. 
below these points are those 
that are able to stay alive and 
it seems that in resistant 
plants they can grow again 
whereas in susceptible ones 
growth restarts but then stops. 
The metabolic differences in 
resistant and susceptible 
plants are being characterised. 

This is an example of 
research focused on the effects 
of environmental change at 
sensitive parts of plants’ 
annual life cycle where small 
changes can elicit large 
responses. 


Colin Eagles, 
Institute of Grassland and 


Environmental Research 
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A Response of leaf sugars to 
changes in growth caused by 
chilling. The roots and growing 
leaves were chilled to 5°C for 98 


Sucrose - University College of North hours and then rewarmed. The 
a metabolic pivot? Wales, Bangor is looking at ae Sees eieeh ae 
: 5 ; osy i ; 

Basic plant physiology the effects of environmental maintained at 20°C throughout. 

suggests that increased levels factors on the interactions Reducing demand for sucrose by 

of atmospheric carbon dioxide between sucrose metabolism inhibiting growth leads to rapid 

: accumulation in the leaves. 

would increase sucrose pro- and plant growth. Resumption of growth following 

duction in grasses and cereals, rewarming depletes leaf sucrose 
F . reserves. Control plants were 

Due that Wenig would Chris Pollock, TaIncainedtaroO°C ciouchout: 

increase utilisation. A colla- Institute of Grassland and These data are redrawn from 


borative study with the Environmental Research New Phytologist 119 page 502. 33 
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Changing patterns 
of land use 


Decision-making in farm 
management 

Techniques of systems analysis 
and modelling are providing 
policy makers with ways of 
predicting impacts of alter- 
native policy decisions on 
farming, the environment and 
the rural community. They can 
also help farmers to make 
management decisions to 
optimise profitability. 

ARABLE is a farm model 
designed to determine the 
annual cropping, labour and 
machinery which maximise 
farm profit as affected by set- 
aside requirements, prices and 
costs. It can be set to handle 
farm variables such as soil 
type and annual rainfall which 
influence the amount of time 
that can be spent on different 
farm operations, and thus to 
meet the specific requirements 
of individual farmers. It may 
be used, for example, to 
predict the consequences of 
moving to new crops, or 
farming more land. 

ARABLE is being dem- 
onstrated through various 
channels, including pre- 
sentations at the industry- 
supported Morley Research 
Institute in East Anglia, and 
through on-farm visits where it 
is used to tackle real problems 
and analyse alternatives being 
considered by farmers. 
Importantly, the model can 
indicate options for optimal 
profitability that may be 
counter-intuitive. In one 
example, the option of grow- 
ing spring rather than winter 
oilseed rape increased the 
area of winter barley grown, 
at the expense of the 
apparently more profitable 
winter wheat - the reason 
being that harvesting time was 
available in July which was 
otherwise wasted. 


A key feature of the model 
is the concept of timeliness 
and rotational penalties. For 
example, crop yield is reduced 
if planting is late, but it is 
generally far too expensive to 
plant all of the crop at exactly 
the right time - a balance has 
to be struck. Rotational 
penalties are the reduction in 
yield of one crop following 
another, for example, wheat 
after wheat relative to wheat 
after oilseed rape. They allow 
the model complete freedom 
in its choice of crop rotation, 
while preventing impossible 
rotations. 


Eric Audsley, 


Silsoe Research Institute 


Organic dairying 

It takes at least two years to 
convert a conventional dairy 
farm fully to organic 
standards. Least-cost and 
environmentally sensitive 
strategies for managing this 
conversion period are being 


identified as part of a MAFF- 
funded project. 

Milk yields, farm costs and 
environmental benefits are 
being measured on ten com- 
mercial farms that are 
converting at different rates 
and at the Institute of Grass- 
land and Environmental 
Research’s Trawsgoed farm. 
Farm costings and milk quality 
are being assessed in colla- 
boration with ADAS, and 
economic modelling is being 
developed with the University 
of Wales, Aberystwyth. 

The 67 ha all-grass farm 
at Trawsgoed carried 120 
Friesians and used 380 kg 
N/ha until 1991 when the 
number of cows was reduced 
to 80 and application of arti- 
ficial fertiliser was stopped. 
Some fields have been slot- 
seeded with red or white 
clover, and a new rotation has 
been introduced. Hedgerows 
have been planted and their 
effect on wildlife populations 
and movement is being 


monitored. Preliminary results 
indicate a decline of about 
20% in grass production 
during the first year of 
conversion. 

Anew EC project involving . 
collaborators in Ireland, The 
Netherlands and Germany is 
addressing potential problems 
of organic pastures, including 
the tendency of slurry appli- 
cation to damage clover and 
encourage weeds, e.g. docks. 
Mechanical methods of dock 
control are being investigated. 
Results suggest that dock 
roots will not regrow if severed 
below the crown, and the top 
will die if buried below 15. cm. 


Arthur Hacking, 

ADAS 

Roger Haggar, 

Institute of Grassland and 
Environmental Research 
Peter Midmore, 
University of Wales 


A The consequences of organic conversion on soil fertility, crop performance, milk yield, animal health and 
biodiversity are being measured on an AFRC farm and ten commercial farms. 


Modelling silvopastoral 
systems 

The economic feasibility of 
growing trees at wide spacing 
in pasture depends on the 
levels of tree growth and 
animal performance that can 
be achieved. Scientists at the 
Institute of Grassland and 
Environmental Research 
(IGER) are participating in a 
multi-site experiment, covering 
a range of environments 
throughout the UK, to identify 
the effects of tree species and 
Spacing on timber and animal 
production. This work is being 
conducted in collaboration 
with MAFF, the SOAFD-funded 
Macaulay Land Use Research 
Institute (MLURI), the 
Department of Agriculture for 
Northern Ireland, the 
University College of North 
Wales and the Forestry 
Commission. From January 
1993, collaboration has been 
extended under a 4 year EC 
‘Project on “alternative land 
use with fast-growing trees”, 
‘with partners in France, Italy, 
Portugal, The Netherlands 
and Greece. 


Ash, sycamore and hybrid 
larch have been planted at 
wide spacing into sheep- 
grazed pasture at IGER sites 
at North Wyke in Devon and 
Bronydd Mawr in Wales. 
Scientists are particularly con- 
cerned with aspects of tree 
establishment; plantation 
management; pasture growth 
and interaction with the trees; 
livestock production; and eco- 
logical impact. From the data, 
a bio-economic model will be 
constructed in which yields, 
product values, and markets 
will also be considered. This 
will help farmers’ decisions 
on extensification, as well as 
providing a basis for policy 
formulation on socio-economic 
aspects relating to changes in 
land use and on options for 
import substitutions. 


William Eason, 
Institute of Grassland and 
Environmental Research 


Management of hill grazing 
Computer models are helping 
land managers to devise 
grazing strategies that are 


economically viable and meet 
objectives for environmental 
conservation. 

Throughout the European 
Community there is concern 
about the impact of changing 
grazing patterns on hill 
vegetation. For example, in 
the UK it is estimated that the 
area of heather moorland has 
declined by 25% since 1940. 

Grazing by both domestic 
and wild herbivores has a large 
impact on the botanical 
composition of semi-natural 
vegetation. For example, 
cattle and sheep have different 
effects on moor mat grass 
(Nardus stricta) - the percent- 
age of Nardus cover under 
sheep grazing is much higher 
than under cattle grazing. 
Mixed grazing of cattle and 
sheep is being explored as an 
option for maintaining botan- 
ical diversity and improving 
animal performance. Daily 
liveweight gain in lambs is 
higher when cattle and sheep 
graze together, compared with 
sheep only grazing. 

A computer model is being 
developed that integrates 


A Computer models aid 
decision-making on stocking 
density and grazing pattern on 
hill vegetation to optimise 
productivity and minimise 
environmental impact. 


information on climate, 
rainfall, altitude, vegetation 
and stocking density. It indi- 
cates biomass production and 
sward heights of different 
types of vegetation, quantity 
and quality of diet and grazing 
times. The model is currently 
being used by Government 
Agencies and land managers 
to help set stocking rates for 
specific areas of land. 


lain Wright, 
SOAFD-funded Macaulay 
Land Use Research Institute 
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The nation’s health 


Microorganisms causing 
food-borne diseases 


A coordinated programme on the biology of microorganisms 
causing food-borne diseases was established by the Council 
in 1992. It brings together researchers in ten universities to 
complement existing projects and studentships and work at 
the Institute of Food Research. 


The programme includes research into mechanisms of 
microbial survival and growth, novel approaches for invest- 
igating enteropathogens that cannot be cultured, and the 
effects of food structure on microorganisms in food. It is 
coordinated by Colin Ratledge of the University of Hull. 
Some examples are given below. 


Stress adaptation in Listeria monocytogenes 

The food poisoning bacterium Listeria monocytogenes is able to 
tolerate many procedures of conventional food preservation. For 
example, it can withstand high concentrations of salt - over three 
times those that can be tolerated by Escherichia coli - and it can 
grow at temperatures as low as 1°C. 

Fundamental research is aimed at understanding the 
physiological responses that allow L. monocytogenes to cope with 
these osmotic and cold stresses, and at identifying the genetic 
regulation that determines these adaptations. 

Bacteria protect themselves against osmotic stress by accum- 
ulating in the cytoplasm specific solutes (e.g. betaine) that are 
compatible with enzyme function. The level of the solute in the 
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Numerous bioluminescent 

Listeria monocytogenes 

attached to a stainless steel 

“coupon”. This technique is 

being used to study how 

bacterial cells attached to a 

surface are able to resist heat, 

36 freezing and biocides. > 
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cytoplasm is determined by the degree of osmotic stress imposed 
upon the cells and involves very tight regulation of enzyme 
systems and transport mechanisms. Listeria monocytogenes is 
very salt resistant and is frequently associated with cheeses and 
patés and recent studies have identified a key role for peptides, 
which constitute a major component of these foods, in protecting 
this organism from osmotic stress. The integration of betaine 
accumulation and peptide metabolism in L. monocytogenes are 
being characterised in a programme that integrates genetic 

and physiological studies through the isolation and analysis of 
osmotically-sensitive mutants. 

Complementary studies are being used to identify the 
regulatory elements in the genetic material that respond to high 
salt and to low temperature, and the genes that they control. It is 
the products of these genes that are involved in the physiological 
changes seen during adaptation. 

Fragments of the chromosome of L. monocytogenes are being 
tested for their ability to switch on genes (in this case, “marker 
genes” for bioluminescence) when subjected to osmotic stress. 
This will allow identification of fragments containing the regulatory 
elements that respond to high salt. 

One approach being used to identify genes that code for the 
products that effect adaptation is the comparison of the profile 
of proteins produced by L. monocytogenes before and after 
imposition of salt and cold stresses. The stress-induced proteins 
are being isolated and characterised so that techniques of 
molecular biology can be used to work backwards from these 
protein sequences to identify the genes that coded for them. 


lan Booth, University of Aberdeen 
Gordon Stewart, University of Nottingham 


The biology of bacterial flagella and their 

role in pathogenesis 

Little is known about how the gastrointestinal pathogens 
Campylobacter jejuni and Helicobacter pylori cause infection. But 
both these spiral bacteria possess flagella - thread-like “tails” by 
which the organisms move - and motility and/or possession of 
flagella is thought to help bacteria to colonise or adhere to the 
surface of cells lining the gut, and to invade the cells. 

C. jejuni and H. pylori are broadly related, and the flagellin 
proteins that make up their flagella are known to be similar. But 
the flagella of H. pylori are encased in a membrane-like sheath 
containing specific proteins, whilst those of C. jejuni are 
unsheathed. This means that the two species provide a good 
comparison for studying the role of flagellins and associated 
proteins in pathogenicity. 

Monoclonal antibodies (Mabs) are being raised against the 
flagellins of each species and the sheath proteins of H. pylori. 
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A Acell of the gastric pathogen Helicobacter pylori has been treated 
with a monoclonal antibody against the flagellar sheath; the antibody 
is made “visible” for electron microscopy by (its reaction in turn with 
a second antibody directed against the first and) associated colloidal 
gold particles which show up as opaque dots. 

Inset: A similar labelling reaction, using an antibody directed against a 
part of the flagellar shaft. 


The extent to which each individual Mab interferes with flagellar 

function in mobility, cell adhesion and invasion will indicate 

which parts of which proteins are involved in these processes. 
The introduction of site-specific changes in the amino 

acid sequences of key flagellar proteins will provide even 

more detailed information about the structural determinants 

of function. 


Charles Penn, University of Birmingham 
Peter Richardson, Institute of Food Research 


AFRCG ANNWAL REPORT 1992-9 


Cellular and physiological responses to 


dietary components 


A better understanding of the underlying 
mechanisms by which the body responds to 
components of diet is important for the 
development of nutritional policies. 


Dietary fats and 

membrane fluidity 

Highly unsaturated dietary 
fatty acids, such as the n3 
fatty acids present at high 
levels in fish oils, are incorp- 
orated into cell membranes. 
This might increase membrane 


for example, by aiding 
peripheral circulation and 
helping to prevent cardio- 
vascular disorders. 

When human volunteers 


the proportion of n3 fatty 


fluidity and may be beneficial, 


were fed a fish oil supplement, 


acids in the membranes of 
cells from their cheeks 
increased. Their red blood 
cell membranes became more 
fluid - fluidity is measured by 
a technique in which the 
membranes are stained with 
a fluorescent dye, “bleached” 
locally by a short laser pulse, 
and then left to recover. The 
rate of diffusion of molecules 
of fluorescent dye into the 
bleached spot is used to 
calculate membrane fluidity - 
the faster the molecules of 
fluorescent dye diffuse into the 
bleached spot, the more fluid 
the membrane. 


This research, funded by 
MAFF, is aimed at examining 
how such diet-induced changes 
in membrane fluidity affect 
important functions of the 
tissues such as the regulation 
of the transport of materials 
in and out of cells, and 
recognition and response to 
cell signals such as hormones. 


David Clark, 
lan Johnson, 
Institute of Food Research 


Fluorescence recovery after 
photobleaching image 
of red blood cells. VW 


Vitamins and 

antioxidant activity 
Oxidative damage to cells has 
been linked to development of 
cancer and vascular disease. 
For example, the greater risk 
of heart disease in individuals 
with a high proportion of low 
density lipoproteins (LDLs) in 
their blood is thought to be at 
least partly caused by cells 
(macrophages) in the coronary 
arteries accumulating LDLs 
that have been damaged by 
oxidation, enlarging within the 
arterial wall and eventually 


- blocking the arteries. 


Oxidation might damage 
the macrophages themselves 
as well as the LDLs. This is 
being examined by studying 
the effects of oxidation on 
membrane function of cells in 
culture. Of particular interest 
is the possible role of anti- 
oxidant vitamins (including 
C and E) in protecting cell 


membranes from damage, 

and the mechanisms of such 
protection. One hypothesis 
being tested is that the 
vitamins, being long chain un- 
saturated molecules amenable 
for attack by oxidants, act as 
“sacrificial” molecules that are 
preferentially attacked. The 
ability of vitamins to act co- 
operatively, i.e. exert a greater 
effect in mixtures than the sum 
of the individual effects, is also 
being explored. 


Paul Dowrick, 
Sue Southon, 
Institute of Food Research 


Metabolic response to 
dietary glucose 

The location in the gut at 
which nutrients are absorbed 
is likely to depend on the 
complexity of the food. For 
example, glucose from a 
simple carbohydrate might be 


Appetite control and fat consumption 


Human appetite is controlled 
by many psychological, meta- 
bolic and neural mechanisms. 


Patterns of eating are pro- 
 foundly affected by the 


Satiating effects of foods - the 
extent to which foods create a 
feeling of “fullness”. Two 
features can be distinguished: 
Satiation - the process which 
brings to an end an eating 


episode; and satiety - the 
_ State of inhibition over eating 
_ brought about by the con- 


sequences of food ingestion. 
Dietary fat has only a weak 
effect on appetite control. 
A high fat intake has a dis- 
proportionately small effect 
on satiety. For example, when 
Subjects ate a test breakfast 
containing a concealed 
supplement of either fat or 
carbohydrate, the drive to 
€at at between one and three 
hours after the meal was 
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absorbed very early in a 
proximal part of the gut, but 
that from a complex unhydro- 
lysed carbohydrate might not 
be absorbed until after 
fermentation in the colon. 

It is not Known how differ- 
ences in the site of absorption 
might influence the body’s 
response to nutrients, for 
example, hormonal responses 


and effects on appetite, satiety 
and mood change. There might 


also be effects on the meta- 
bolic fate of nutrients, for 
example, governing whether 
glucose is broken down or 
stored as fat or as glycogen. 
Computer models 
simulating sites of digestion/ 
absorption and their effects 
on physiological response and 
metabolism are being devel- 
oped using human volunteers. 
Stable isotopes of glucose are 
used to measure rates of up- 
take into and clearance from 
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the circulation of glucose from 
a variety of types of food. This 
MAFF-funded research is con- 
ducted using the residential 
Human Nutrition Unit at the 
Institute of Food Research 

at Norwich. 


Geoff Livesey, 
Institute of Food Research 


Research into the influence of dietary fat on hunger, eating patterns 
and subsequent fat consumption will aid the design of strategies for 
improving the nation’s diet. 


significantly reduced in those 
who had eaten the carbo- 
hydrate supplement but not in 
those who had eaten the fat 
supplement. 

This has two implications. It 
suggests that if our bodies can 
detect changes in fat intake at 
all, any feedback control on 
appetite is easily overridden. 
This would help to explain the 
high incidence of obesity in 
developed countries such as 
the UK. 

Secondly, it suggests that 
replacing fats in food by non- 
absorbable fat substitutes 
might be achieved without 
reducing the satiating power 
of the food. This would offer 


a way of designing healthier 
diets without reducing satis- 
faction to the consumer. 

A separate study is ident- 
ifying and characterising 
groups in the population with 
high, medium and low levels 
of fat intake. Appetite levels, 
motivation in food choice and 
eating patterns are being 
compared in these groups, and 
correlated with physiological 
responses such as blood 
insulin and glucose levels, and 
rates of release of 
cholecystokinin - the hormone 
that triggers release of bile 
into the intestine in response 
to the presence of fat. 

This information, together 


with personal and social data 
will help to identify factors that 
influence fat intake, and thus 
suggest strategies for effective 
food policies and guidelines 

to effect dietary change in 

the UK. 


John Blundell, 
University of Leeds 
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Animal health and welfare 


Molecular characterisation of scrapie, 
BSE and related diseases 


The biology of in-bred lines of mice that are 
inherently not susceptible to infection by 
scrapie is providing a basis for detailed 
molecular analysis of the factors that influence 
susceptibility, disease and infectivity in scrapie 
and in other transmissible spongiform 
encephalopathies. 


The sheep disease scrapie, 
bovine spongiform 
encephalopathy (BSE) and the 
human dementia Creutzfeldt- 
Jacob disease are examples of 
a family of neurological 
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4. Gels showing that “PrP null” 
mice do not produce the mRNA 
for PrP or the protein. 


Recombinant PrP for 
structural studies and 
diagnostics 


Elucidation of the structure of 
PrP is expected to provide 
clues about the normal 
function of the protein and 
about how alterations to its 
structure might contribute to 
pathogenesis. For example, 
mutations that affect host 
animal susceptibility to disease 
could be located in the 
structure, and how these alter 


degenerative conditions in 
which the infectious agent is 
unknown. An abnormal form 
of the glycoprotein (PrP), a 
normal component of the 
membranes of nerve cells, 
has been implicated in the 
pathogenesis of these 
diseases, as has the host 
immune system. There is now 
evidence that mice that lack 
PrP are uninfectable with 
scrapie, and those with 
severely impaired immune 
function, called SCID mice, 
are not susceptible to scrapie 
infection via peripheral 
inoculation. 

Scrapie has existed for at 
least two hundred years. 
About twenty experimental 
strains have been isolated, but 
how many occur naturally is 


the characteristics of PrP could 
be determined. 

Such structural analyses 
require relatively large quan- 
tities (milligram) of pure 
protein which are not readily 
available from animal sources. 
These are now being produced 
by recombinant DNA tech- 
nology. The PrP genes of mice, 
cattle and sheep have been 
cloned into bacteria, and the 
mouse gene has also been 
cloned into mammalian cell 
cultures. A Linked Research 


unknown. Studies on sheep 
genetics show that variation in 
the gene for the PrP protein is 
associated with altered sus- 
ceptibility to different strains. 
For example, one mutation 
makes sheep susceptible to 
certain strains of scrapie 
whereas another mutation is 
linked to susceptibility to the 
BSE agent and another 
different strain of scrapie. 
Relative resistance to scrapie 
can be defined, therefore, only 
in terms of the particular 
strain. This has important 
implications for the design of 
eradication strategies. 

Although PrP is clearly 
involved, there is no simple 
correlation between levels of 
abnormal PrP and infectivity; 
it remains unclear whether PrP 
is itself the infectious agent or 
a part of a complex involving 
other molecules, the combin- 
ation of which is necessary for 
pathogenesis and replication 
of the agent. 

A Swiss group and scientists 
at the Institute for Animal 
Health have bred mice that 
lack the PrP gene. These “PrP 
null” animals appear quite 
normal, which raises important 
questions about the role of 
PrP. The Swiss research has 
indicated that mice without 
the PrP gene are not sus-- 
ceptible to scrapie and do 
not replicate the agent. If this 
is confirmed at IAH, then step 
by step comparison will be 


Group with the University of 
Oxford has commenced 
structural investigations of 
PrP, including work to develop 
a crystal structure. 
Recombinant PrP has also 
facilitated development of 
improved antibody probes for 
use both in experimental 
analysis of disease and in 
diagnosis. For example, two 
monoclonal antibodies have 
been produced that recognise 
two different parts of the PrP 
molecule, only one of which 


made of animals that carry 
genes coding for different parts 
of PrP. In this way it might be 
possible to identify parts of 
the protein associated with 
replication of the infectious 
agent, or with PrP aggregation 
into fibrils or with susceptibility 
to disease and so on. 

In a similar way, mice 
lacking a functional immune 
system have been shown to 
be not susceptible to infection 
by scrapie introduced by a 
peripheral route - the sup- 
posed route of natural scrapie 
infection. These individuals 
provide a “baseline” against 
which the effects of individual 
components of the immune 
system can be tested individ- 
ually to see which are involved 
in presenting infectious agent 
to the nervous system and 
thereby generating disease. 

For the first time, detailed 
dissection of the cells and 
molecules involved in scrapie 
is possible. This will allow a 
more systematic approach 
than hitherto to the ident- 
ification of the processes 
governing susceptibility and 
pathogenesis. 


Chris Bostock, 
Hugh Fraser, 
Jean Manson, 


Institute for Animal Health 


remains after digestion by 
protease. It is anticipated that — 
these might form the basis of a 


‘diagnostic test for BSE. Longer 


term it might be possible to : 
produce antibodies that 
recognise only abnormal PrP. 


Alan Bennett, 
Christopher Birkett, 
Chris Bostock, 

Robert Somerville, 
Institute for Animal Health 


Meeting legislation on poultry welfare 


during transportation 


Legislation exists to protect 
poultry in transit and current 
welfare codes established by 
MAFF state that birds “should 
be protected from bad 
weather and from excessively 
hot or cold conditions” (*). The 
Farm Animal Welfare Council 
has drawn attention to the 
need for adequate ventilation 

_ Of vehicles to prevent “adverse 
conditions during transport”. 
The poultry industry recognises 
however that, during transport 
throughout the course of the 
year, birds can become 
hypothermic (a reduced body 
temperature) or hyperthermic 
(an increased body 
temperature). 

Scientists are working to 
gain an understanding of the 
causes and effects of thermal 
stress. Initial studies have 
addressed the case of hyper- 
thermia and have focused on 
two objectives. The first is to 
derive a simple index of 


thermal stress - a combination 
of air temperature and 
moisture content - which can 
be used to define an 
acceptable range of conditions 
for poultry during transport. 
The second is to use this 
knowledge to identify design 
criteria and produce spec- 
ifications for ensuring these 
conditions during transport. 

Temperature and relative 
humidity within transport 
containers have been 
measured at various locations 
on a vehicle. These data 
demonstrate the heterogeneity 
of conditions throughout the 
vehicle and have shown that 
adverse conditions can 
develop which seriously com- 
promise the ability of the birds 
to thermoregulate. Prolonged 
exposure to such conditions 
can result in mortality. 

A parallel study is invest- 
igating the air flow around and 
within transport vehicles. 


ARR C ANNWAI REPORT 1919 2293 


Engineers and physiologists are working in 
collaboration with a major commercial broiler 
producer to provide a scientific basis for ensuring 
the welfare of birds in transit. 


Pressure measurements and 
flow visualisation techniques 
on full scale vehicles are 
complemented by wind tunnel 
measurements on a 1/8th 
scale model. The results show 
that ventilation in some parts 
of the vehicle is insufficient to 
remove heat generated by the 
birds, a direct consequence of 
which is the formation of 
adverse micro-environments. 
This multi-disciplinary 
approach to the welfare of 
poultry during road trans- 
portation will define by 
scientific means acceptable 
thermal limits for poultry 
during transportation and 


provide essential specifications 
and designs for future poultry 
transport vehicles. 


(*) The welfare of poultry (transport) 
order. Statutory Instrument Number 


851. (1988). 


Chris Baker, 

University of Nottingham 
Peter Kettlewell, 

Silsoe Research Institute 
Malcolm Mitchell, 
Roslin Institute 


Diagram of a poultry 
transport vehicle. W 
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European dimension 


European partnerships 


The Council has a strong programme of European activities 
including participation in EC programmes, bilateral 
collaborations with Community states and participation in 
the European Science Foundation. Examples are given on 
these pages and elsewhere in this Report, for example on 
pages 10, 21, 22, 30 and 35. 


During 1992/93 effort has been made in support of proposals for 
the third EC R & D Framework Programme, and in negotiations on 


the fourth. The Council has successfully bid for contracts, and in 
several cases AFRC scientists are project coordinators, in the 
following lines of the third Framework Programme: 
Agriculture and Agro-industry (IACR, IFR, IGER, SRI) 
Biotechnology (Babraham, IACR, IAH, IFR, IPSR, Roslin) 
Environment (IACR, IGER) 
0 


Life Sciences and Technologies for Developing Countries (IFR) 1989/90 1990/91 1991/92 1992/93 


£M 


ie) 


—_ 


Human Capitalland Mobility (PSR) AFRC Income from the EC since 1989/90 


Biomedical and Health Research (Centre for Genome Research) 


UKRHEEO Bilateral collaborations 
The Council exercises administrative responsibility for the UK The Council continues to strengthen its links within Europe, 
Research and Higher Education European Office in Brussels, and through formal, but flexible and non-constraining Memoranda of 
for the steering committee for that Office. The Office services over Understanding with the French Institut National de la Recherche 
eighty universities and other higher education institutions in the Agronomique (INRA), and the Netherlands Dienst q 
UK as well as the UK Research Councils and the British Council. Landbouwkundig Onderzoek (DLO). Meetings to discuss the 
scientific collaborations going on under each were held in : 
European Science Foundation December 1992 and January 1993, respectively. Bilateral | 
AFRC belongs to the ESF - a non-governmental organisation cooperation with other countries was further encouraged with the : 
established in 1974 to advance European cooperation in basic help of the British Council offices in Spain, Italy and Portugal, and 
science. The Council is represented at the Annual General through the Council’s International Scientific Interchange Scheme . 
Assembly and at meetings of the European Science Research (ISIS), which provided funds for AFRC scientists and grantholders 
Council - an ESF committee covering the natural sciences. to travel overseas. 


In recent years the AFRC has increased its involvement with 
ESF. For example, Council scientists have joined programmes 
on Biological Macromolecules, Developmental Biology, and the 
Biophysics of Photosynthesis. We are developing proposals for 
new ESF networks. One is on “long range gene mapping” led by 
42 the Institute of Plant Science Research. 
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- Molecular screening of biodiversity 


We need to conserve natural genetic variation on the planet not 
only for ethical and aesthetic reasons, but also, to use natural 
biological systems even more efficiently in agriculture, food and 
other industries. More needs to be known about how to screen 
rapidly the natural variation that exists and how it can be 
conserved and accessed for industrial purposes. 

Thirty five European laboratories including some private sector 
companies are collaborating to develop molecular techniques for 
screening genetic diversity in natural and cultivated populations 
of plants and animals and in gene banks, herbarium and museum 
collections. This includes developing techniques of genetic finger- 


-printing to discriminate between plants that previously appeared 


identical; identifying “universal” probes that will work on a broad 
range of species and genera; and scaling down procedures so that 
tiny amounts of tissue can be utilised. 

This 5.5M ECU project, part of the EC Biotechnology prog- 
ramme, is coordinated from the Long Ashton Research Station 
of the Institute of Arable Crops Research. It brings together 
expertise in DNA chemistry, molecular genetics, population 
biology, taxonomy, animal and plant breeding, biomathematics 
and instrumentation. A principal goal is the development of tech- 
niques that can be used across widely differing groups of plants 
and animals and for large sample sizes. Strategies are also being 
devised to identify screening methods particularly suitable for 
accessions and gene banks, or for assessing genetic diversity in 
natural populations, or for screening for agronomically important 
variation such as disease resistance and stress tolerance. 


Angela Karp, 
Institute of Arable Crops Research 


Devolved model for new EC initiative on 
plant molecular genetics 
The John Innes Institute, together with the German Max Planck 


Institut fur Zuchtungsforschung, is coordinating a new 24M ECU 

_ project on Plant Molecular Genetics for an Environmentally 
Compatible Agriculture. The two institutes are forming a European 
Economic Interest Grouping (EEIG) to manage the project which 


involves 117 research groups from 11 Member States. 


The main research areas are: 

* plant development 

* plant growth factors and gene regulation 

* nitrogen utilisation efficiency 

* adaptive responses to abiotic stress 

* synthesis, partitioning and mobilisation of storage products 


Particular emphasis is laid on the development of molecular 
genetic techniques that provide new options for crop improve- 
ment and for minimising environmental impact. What makes this 
project unique is that it is the EC’s first pilot project to test the 
concept of devolved managerial responsibility in which the EEIG 
enables scientists to take a leading role in managing an EC-wide 
project. This includes responsibility for project management as 
Well as organisation of scientific meetings and training needs. 

In addition, the project is aimed at securing “added value” by 
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4 Screening genetic variation in natural populations, in gene banks, 
and in living, herbarium and museum collections, is essential in 
developing conservation strategies for biodiversity. DNA probes give 
characteristic “fingerprints”; here six barley cultivars are 
distinguished using DNA probes for two seed storage protein genes 
(Hor 7 and Hor 2). 


A Visiting scientists participate in a research project at the 
John Innes Centre. 


integrating laboratories in different research areas around specific 
objectives, and at linking scientific researchers with agricultural 
and bio-industrial activities. 


Andy Beadle, John Innes Centre 
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Computer modelling aids nitrogen management 


In 1980 the EC Directive on the Quality of Water Intended for Human 
Consumption, which sets a maximum limit of 50 mg nitrate per litre 

in drinking water, was adopted by member states because of concern 
about possible links between nitrate in potable waters and health risks. 
In 1991 the EC Nitrate Directive, scheduled for full implementation by 
1999, was agreed. Member states are required to set up nitrate 
vulnerable zones, monitor nitrate levels in potable water and any 
waters where there is a risk of eutrophication (nutrient enrichment and 
long term effects on flora and fauna) and to establish a Code of Good 


Agricultural Practice. 


Additional nitrate or 
phosphate in surface waters 
can lead to excessive growth 
of algae. When the algae die, 
and are decomposed by 
bacteria, oxygen in water is 
depleted leading to the death 
of fish. Research is aimed at 
improving the management of 
plant nutrients so that efficient 
crop production is maintained 
in ways that are cost-effective 
and environmentally sustain- 
able. One objective of this 
research is to provide advice 
to the agricultural community 
on how nitrogen inputs may be 
matched more closely to crop 
requirements - to minimise 
input costs, reduce losses and 
allow compliance with the EC 
Directive. 


The Council supports a large 
and diverse programme of 
research into many aspects of 
nutrient cycling. This is funded 
principally through OST and 
MAFF. Major themes include 
the basic processes of nutrient 
assimilation by plants and its 
control under different 
environmental conditions, 
the chemistry and molecular 
genetics of nitrogen fixation by 
microorganisms and the nature 
of symbiosis with leguminous 
plants, chemical transform- 
ations of nitrogen by micro- 
biological and other processes 
in the soil and the manage- 
ment of agricultural systems 
to minimise nitrate leaching 
from soil, denitrification and 
ammonia volatilisation. 


Experimental data are being 
used to help construct and 
validate predictive computer 
models that simulate nitrogen 
flow. These not only provide a 
way of testing theories about 
nitrogen transformations and 
cycling in soils, they can also 
aid nitrogen management, by 
helping to avoid excessive 
applications of nitrogen in 
fertilisers and manures. 

Models that predict leach- 
ing of nitrate under different 
conditions assist planners and 
policy makers who need to 
know how changes in farm 
practices and land use will 
affect nitrate levels in 
groundwaters and rivers. 

“N-CYCLE” is a model that 
describes average annual 


A Computer models help us to understand the complex N cycle and predict flow under different 
cropping and environmental conditions. This allows N inputs to be matched to crop requirements 
44 thus minimising costs as well as losses to the environment. 


fluxes of nitrogen in grazed 
grassland, according to 
fertiliser input, soil type, 
drainage, sward age and 
previous management and 
climate. It has recently been 
extended to allow prediction 
for whole grassland catch- 
ments. In tests, model predict- 
ions for the nitrate loading of a 
number of rivers in grassland 
catchments corresponded well 
with recorded levels. 

At IACR a Suite of nitrogen 
cycle models are being devel- 
oped which track the fate of 
nitrogen coming from both 
fertiliser and from soil organic 
matter as it moves through 
the crop and soil. One version 
is designed to give farmers 
more precise advice on the 
quantity of nitrogen fertiliser 
to apply to crops in specific 
situations. By taking account 
of the supply of nitrogen from 
the soil, or organic manures, 
fertiliser can be better 
matched to crop requirements. 
This will decrease the risk of 
excessive nitrate accumulating 
in soil and later being leached 
to aquifers. Another version, 
SUNDIAL (Simulation of 
Nitrogen Dynamics in Arable 
Land) is a management tool 
for use in Nitrate Sensitive 
Areas. 

Interaction between IGER 
and IACR is aiming to link 
grassland and arable N 
models in order to describe 
better the nitrogen flows in 
mixed farming systems. 


Steve Jarvis, 

Institute of Grassland and 
Environmental Research 
David Powlson, 

Institute of Arable 

Crops Research 
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International dimension 


Characterising and controlling a devastating new strain of whitefly 


A new strain of tropical whitefly that exhibits increased resistance to 
certain pesticides, and has the potential to adapt to over 500 species of 
plants and to transmit at least 60 different plant viruses, is 
threatening crops worldwide. Research into the molecular recognition 
processes involved in the interactions between the insect, the virus and 
the host plant is aiming to aid the development of effective control 


In the past, the tobacco, 
cotton or sweetpotato 
whitefly, Bemisia tabaci, has 
been only a sporadic pest to 
certain crop species 
throughout the tropical and 


subtropical regions of the 
world. However, a new strain, 

or possible species, capable of 
- colonising and transmitting 
viruses to a wide range of 
plant species, has recently 
been identified. This new 
strain, Known as the “B” type, 
is a far more serious pest to 
worldwide agriculture than the 
original strains. It exhibits a 
high resistance to organo- 
phosphate and carbamate 
based pesticides, increased 
fertility and an ability to 
induce phytotoxic responses in 
certain plant species such as 
squash and tomato. 
Morphologically, the “B” type 
cannot be distinguished from 
the less harmful strains, but 
there is a characteristic and 
distinct difference found by 
non-specific esterase analysis. 
This “B” type has been 
responsible for some of the 
most devastating infestations, 
causing over $500M damage 
to the USA’s cotton and 
vegetable harvests of 1991, 
and decimating melon crops 
in the Yemen. 

Among the plant species 
hosting “B” type whiteflies 
are certain ornamentals such 
as poinsettias. The worldwide 
trade in these plants is pro- 
viding a route by which the 
whitefly is reaching glass- 
house crops in northern 
Europe and sporadically 
infesting ornamentals in UK 
glasshouses. 

Concern is being shown by 
MAFF and growers alike in the 
appearance of Bemisia tabaci 
in the north European 


glasshouse industry, mainly 
because of its ability to vector 
many potentially crop- 
destroying plant viruses, 
particularly geminiviruses (so- 
called because of their twinned 
particle morphology). 
Whitefly-transmitted 
geminiviruses, for instance, 

are presently causing losses 

to cassava crops in Africa, 
beans and fibre crops through- 
out North, Central and South 
America and tomato crops 
throughout Asia, the Middle 
East and areas of southern 
Europe. Experiments have 
shown that B. tabaci popula- 
tions can acquire and transmit 
geminiviruses irrespective of 


strategies against insect-transmitted viruses. 


their global origins. The ability 
of “B” type B. tabaci to adapt 
to many more plant species 
than previous strains increases 
the possibility of these viruses 
infecting new crop species 
as the insect spreads around 
the world. 

Research is in progress to 
identify the amino acid 
sequences in the coat proteins 


Biological control 


<A “B” type tobacco whitefly 
hatches from its larval scale. 

As well as causing phytotoxic 
responses to certain plant 
species that its larvae feed on, 
it can transmit up to 60 plant 
viruses, and adapt to more than 
500 plant species. 


of geminiviruses which facil- 
itate their interaction with a 
receptor protein within the 
specific insect vector, enabling 
acquisition and transmission 
of the virus. One approach is 
to compare the coat proteins 
of geminiviruses no longer 
transmissible by their insect 
vector, to those which are 
transmissible, and identify 

the sequences responsible 

for specific insect recognition. 
Methods of blocking this 
recognition process could then 
be investigated. 

The development of 
transgenic plants capable of 
impeding virus replication is 
also being pursued. 


lan Bedford, 
Peter Markham, 
Marion Pinner, 


John Innes Centre 


The use of wasps that parasitise whiteflies as a biological 
control against Bemisia tabaci, pesticide resistance 
studies and the development of management strategies 
for integrated chemical and biological control are being 
pursued at the Institute of Arable Crops Research and at 
Horticulture Research International. 
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International partnerships 


Other developed countries 

The Council is continuing to strengthen its links with leading 
laboratories in developed countries outside the EC. Particular 
emphasis is placed on strengthening links with Australia, New 
Zealand, Canada, Japan and the USA. 

Council scientists have continued to lead a joint Research 
Council programme of exchanges and visits between UK and 
Australia and New Zealand in support of biotechnology research. 
Eleven awards were made in 1992/93. The priority areas for 
collaboration are: membrane transport; mammalian reproductive 
biology; targeted insertion and deletion of genes, and gene 
regulation in plants and viruses; transgenic animals; mapping 
complex genomes; and molecular resistance to disease. 

High level meetings with research organisations from Japan 
have identified several areas of potential collaboration. These 
include “farming as an engineering process” and genome mapping 
of plants and animals. 

The Council continues to play an active role in the Tetrapartite 
Meetings - annual meetings of research managers in the UK, USA, 
France and Canada to discuss research policy and management 
issues of mutual interest. The 1992 meeting took place in 
Antibes; the 1993 meeting is being hosted in Edinburgh. Areas 
under discussion include: biodiversity, food safety, non-food crops 
and non-food uses, implications for agriculture of health educa- 
tion and dietary change, and biotechnology ethics and risks. 


Eastern Europe and the former Soviet Union 

The Council’s main links with these countries are through science- 
led collaborations between individual scientists. To foster these 
links, Central Office established a small interchange system in 
1990 to support visits to and from Eastern Europe. 


A Brian Jamieson (left) Director of Administration with (left to right) 
Eram Derejian, BEC Ltd, Scott Lawrie of AFRC and Geogri Tanev, 
Bulgarian Minister of Agriculture, during a meeting to discuss future 
strategies for agricultural research development and extension in 
Bulgaria. 


In 1992/93 over fifty such visits took place supported by this 
fund at a cost of £51K. There were 35 visits by UK researchers 
(3 to Romania, 9 to Russia, 7 to Poland, 6 to Hungary, 7 to 
Czechoslovakia, 1 to Bulgaria, 2 to other parts of the former 
Soviet Union). Sixteen visits were made by East European 
researchers to the UK (4 from Russia, 3 from Poland, 3 from 
Hungary, 1 from Czechoslovakia, 5 from other parts of the former 
Soviet Union). 


EC contract on technical assistance to Bulgaria 

Against international competition, the Council has been awarded 
an EC contract worth £1.5M to provide technical assistance for 
the reform of the Bulgarian Government’s agricultural research, 
development and extension programme. This award was made 
under the Community’s PHARE (Assistance for Economic Res- 
tructuring in Poland and Hungary) programme which supports 
assistance for economic restructuring in Eastern Europe. Work on 
the fifteen month contract commenced in September 1992. 

The Council has established a local office in Sofia housing a 
core team of consultants supported by short term technical 
experts in particular disciplines. The prime task is to review the 
research programme and to make recommendations for its future 
direction. In addition the team will perform a physical audit of the 
R&D facilities within Bulgaria, complete a cost/benefits analysis of 
research and extension activities and identify training needs in 
both technologies and management. 


Developing countries 

The Council has analysed how its strengths in generic technologies 
of potential benefit to agriculture and food production in develop- 
ing countries may best be exploited through partnerships for 
technology transfer. A new publication outlining AFRC’s research 
programmes and commitment to greater links in research and 
research training is being launched in October 1993. 


Rothamsted International 

The Council is supporting the establishment of Rothamsted 
International. This is a new initiative that builds upon the 
expertise at Rothamsted Experimental Station to advance 
agricultural sustainability in the UK and worldwide. 


The objectives are: 

* to foster international cooperation in crop and 
environmental research; 

* to provide the opportunity for scientists from other countries 
to share their expertise within an advanced multidisciplinary 
research environment; 

* to provide developing nations with technologies and 
expertise to address problems of agricultural intensification. 


ISAAA 

The Eurocenter of the International Service for Acquisition of 
Agri-biotech Applications (ISAAA) has been established at the 
John Innes Centre in Norwich. ISAAA is dedicated to the transfer 
of agricultural biotechnology to developing countries. 

ISAAA matches the needs of developing countries to 
environmentally sound and safe technologies, identifies partners 
from industry, the scientific community and developing countries 
who may work together on specific projects, and locates sources 
of funding for these projects. 


Weeds of the genus Striga cause considerable damage to cereal 
and cowpea crops, especially in sub-saharan Africa. Natural 
sources of resistance in cowpeas have been identified by in vitro 
studies at the Long Ashton Research Station of the Institute of 
Arable Crops Research. This has led to the breeding of Striga- 
resistant cowpeas at the International Institute of Tropical 
Agriculture in Nigeria; resistant cultivars should be available to 
farmers within a few years. 
Similar investigations are being undertaken to seek equally 
effective sources of resistance in maize, millet, sorghum and rice. 
This research is funded by the Overseas Development 
Administration, through the Natural Resources Institute. Under 
the ODA policy of strengthening national programmes, Long 
Ashton Research Station has been contracted to provide tech- 
nical advice and training on weed management and to establish 
-links with the Kenya Agricultural Research Institute, and more 
generally, by NRI, to provide technical support and management 
for tropical weed science. 


John Terry, Institute of Arable Crops Research 


Striga hermonthica parasitising sorghum in Tanzania. 


A A false-colour image of Brassica napus chromosomes produced 
by the image analysis system during image-processing for 
chromosome identification. 


Scientists at the John Innes Centre are collaborating with 
researchers at Hokuriku National Agricultural Experiment Station 
in Japan to develop technologies that will facilitate genetic 
improvement in Brassicas. 

This collaboration has been funded, in part, by the Japanese 
Government’s STA programme, the Royal Society and the British 
Council. Previously it has been impossible to identify individual 
Brassica chromosomes because of their small size and uniform 
appearance but this project has shown that a computer-based 
chromosome image analysis system, developed in Japan, can be 
used to characterise individual Brassica chromosomes, including 
those of B. napus (oilseed rape). This enables the karyotype (the 
number and type of chromosomes in a plant) to be determined. 

This novel system for chromosome recognition will facilitate the 
analysis of hybrids and of agronomically important quantitative 
traits - traits governed by the concerted action of several genes 
located on different chromosomes. It will also assist in the 
development of genetic maps and the isolation and cloning of 
particular chromosome fragments. 


Ray Mathias, John Innes Centre 
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The genetic programming that controls ageing 
in leaves is providing clues about how plants 
that stay-green could increase crop value, both 
in the UK and the semi-tropics. 


All green leaves are not the 
same. Some lines of crops such 
as soybean, maize, sorghum 
and forage grasses retain their 
green colour much longer than 
usual. But for farmers to take 
full advantage of this they 
need to know precisely what is 
happening in the leaves. 

Growth, maturation and 
senescence in leaves are 
pictured as being under the 
control of as many as five 
different classes of gene that 
operate sequentially as the 
leaves age. The last two sets 
seem to govern detection of a 
signal to start senescence, and 
senescence itself, respectively. 
Abnormality in these 
senescence genes causes the 
plant to stay-green. However, 
research has shown that 
superficially similar stay- 
greens differ greatly in meta- 
bolism and genetic make-up. 
It is insufficient for farmers 
simply to select stay-greens 
by eye. Potential disadvan- 
tages as well as benefits must 
be considered in crop 
management and breeding 
programmes. 

Normally, loss of green 
colouration (chlorophyll) 
directly reflects cessation of 
photosynthesis. In some stay- 
greens both processes are 
simply delayed; in others they 
occur at the normal time, but 
more slowly than usual. But in 
others, known as type C’s, 
chlorophyll is retained despite 
loss of photosynthetic activity. 
These leaves are effectively 
“ereen corpses”. They 
illustrate the importance of 
characterising stay-greens and 
targeting their uses. Type C’s 
may have enhanced nutritional 


status because they retain 
more protein and lipid in 

the leaves; they may also 
retain more water, providing 
juicier forage for animals. But 
by locking away nutrients in 
their leaves, type C’s seem 
less able to cope with nutrient 
stress, suggesting they 
perform poorly when nutrient 
supply is restricted, and of 
course their leaves are not 
photosynthesising. 

A new ODA-supported 
programme on sorghum stay- 
greens is part of an effort to 
characterise the genes and 
gene products controlling leaf 
senescence. Using molecular 
diagnostic techniques to 
screen stay-greens, and 
breeding trials, the senescence 
genes are being identified. 
Researchers are close to 
cloning a putative type C gene 
from other species. This should 
allow better exploitation of 
stay-greens, not just in 
sorghum but in a range of 
crops. Benefits may be 
optimised and the disadvan- 
tages minimised thereby, not 
only to improve crop perform- 
ance but also in amenity and 
ornamental plants, and in 
design of “green sponges” to 
mop up natural pollutants 
such as excess nitrogen and 
phosphorus. 


Howard Thomas, 
Institute of Grassland and 


Environmental Research 


Stay-green 
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A Sequential senescence during grain formation in sorghum 
revealed as loss of chlorophyll from the lower leaves of a go-brown 
variety. By contrast, leaves of a stay-green variety retain virtually 
all of their pigment at the same stage. 


W Greenhouse-grown stay-green (left) and go-brown (right) sorghum. 


Vaccines against tropical Theileriosis 


Theileriosis poses enormous 
scientific challenges and 
Opportunities. It is caused by 
a protozoan parasite, Theileria 
annulata, which colonises cells 
of the immune system and 
causes them to proliferate. The 
major targets for colonisation 
by T. annulata are the macro- 
phages of the immune system 
that present foreign antigen to 
helper T cells. By associating 
-with the cell’s apparatus for 
division, the parasite is able 
to divide synchronously with 
its host cell and remain inside 
the cell. 

Research is aimed at 
developing both conventional 
and synthetic vaccines to pro- 
tect cattle against Theileriosis. 
A major component of the 
work is attempting to under- 
stand how immunity is 


generated. Currently only live 
parasite protects. Findings 
from Theileriosis research 
might help the efforts to 
produce a vaccine against 
malaria. 

The epidemiology of the 
disease and the effect of 
vaccination on this are being 
studied in Morocco, in colla- 
boration with the Institute 
Agronomique et Vétérinaire 
Hassan ji under EC and ODA 
funding, a country where 
losses to Theileriosis are estim- 
ated at an equivalent of £7M 
each year. Clinical disease is 
seen only in imported and 
crossbred cattle - not indigen- 
ous breeds. Furthermore even 
in the improved breeds only 
about 50% of those infected 
become clinically ill. Thus there 
is strong circumstantial 


Infected lymphoblasts dividing. The DNA of the parasite T. annulata divides with the nuclei of the host cell. A 49 
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Theileriosis, a tick-borne disease of cattle, is a 
major obstacle to livestock improvement in 
many developing countries. It causes serious 
losses, particularly in imported breeds. 


evidence that genetic resist- 
ance exists; experiments are 
underway to understand the 
mechanism of inherent resist- 
ance. Conventional vaccines 
are being developed. Cell lines 
infected with T. annulata have 
been attenuated and tested as 
vaccines. In one study at a 
government ranch in Tizitine, 
1,500 cattle have been 
successfully immunised in this 
way. A field trial of the vaccine 
in an area of small dairy 
farmers is currently underway. 
The new vaccine, which uses a 
very much lower cell dose than 


—” 


attempted elsewhere, protects 
for at least one season and 
remains active for a week 
without the need for liquid 
nitrogen storage. 

Research is continuing to 
understand how immunity is 
generated, commercialise the 
vaccine and develop predictive 
markers for resistance so that 
exporters can be advised 
which cattle are most likely to 
survive in Theileriosis areas. 


Roger Spooner, 


Roslin Institute 
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“..-fhere is also a broader social and 
economic need to raise the general public’s 
level of understanding and awareness of 
scientific and technological issues and of 
the role of science, technology and 
engineering in the economy...” (7.32) 


; Realising our Potential: 
° A Strategy for Science, 
Engineering and Technology. 


The Council actively 
promotes its work through 
the media and through 
public exhibitions and 
publications. In addition, 
it works closely with other 
bodies to communicate with 
specific interest groups, for 
example, with several 
organisations that provide 
resources to science teachers 
in schools. 

Many areas of the Council’s 
work directly address public 
concerns, for example, about : 
environmental impacts of 
intensive agriculture, genetic 
engineering and animal welfare. | 
The Council is expanding its . 
efforts to increase general 
awareness and understanding of ' 
the issues involved by providing — 

objective information to infor’ 
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Social aspects of biology in practice 


There is public concern about the loss of native 
flora and fauna under intensive agricultural 
management. Several of the Council’s research 
programmes address this issue, and in 
particular the identification of cost-effective 
methods for re-establishing species diversity 
in the countryside. Some of this research is 
funded by MAFF, DoE and English Nature. 


Preserving 
biodiversity in the 
countryside 


Investigations on the hay 
meadows of the Somerset 
Levels have confirmed that 
de-intensification does not 
automatically lead to a return 
of previously lost wild species. 
In part this is because residual 
levels of nutrients in the soil 
allow competitive suppression 
of traditional meadowland 
species - conventional 
methods of management such 
as hay making have proved 
ineffective in depleting residual 
nutrients, especially 
phosphorus. Another factor 

is that in many cases the 
original seed bank has been 
buried and lost. 

A collaborative EC prog- 
ramme with researchers in 
Belgium, The Netherlands and 
Spain is aimed at identifying 
optimum soil conditions for 
the reconstruction of species- 
rich communities in extensively 
farmed grassland. 

In another approach, 
experimental plots are being 
used to study how native 
species interact with different 
types of perennial ryegrass. 
Plots have been re-seeded 
with thirteen herbaceous 
species, including yarrow, 
oxeye daisy, meadow butter- 
cup and cowslip and subjected 
to different regimes of cutting. 
The amenity grass Majestic is 
conducive to establishment of 
a herb-rich sward, but longer 
term does not increase herb 


yield. Once established, herb 
species are more likely to 
persist under a lax grazing 
system with low or inter- 
mediate stocking rate. 
Maintaining natural 
populations of predators and 
parasites that prey on insect 
pests is an important element 
in the design of low-input 
farming and sustainable 
systems of pest control. A 
long-term study is underway 
on the movement and pop- 
ulation dynamics of natural 
populations of these bene- 
ficial organisms within the 
patchy mosaic of crop and 
semi-natural habitats (e.g. 
hedgerows, copses, field 
margins) which constitutes the 
agricultural landscape. Results 
will aid the development of 
strategies that conserve 
biodiversity in farmland and 
exploit natural methods of 
pest control, thus reducing 


reliance upon chemical agents. 


A new molecular approach 
to characterising natural 
species diversity is described 
on page 43. 


Roger Haggar, 

Jerry Tallowin, 

Institute of Grassland and 
Environmental Research 
Wilf Powell, 

Institute of Arable Crops 
Research 


A Flowering meadow: 

research is establishing 

guidelines on fertiliser limits, 
re-introducing lost species, 

management for wildlife and 

impact on farm income. 51 
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Biotechnology and the general public 


Public attitudes will influence the extent to which 
the potential of biotechnology is realised in new 
products and processes for industry. The Council is 
working to increase public awareness and widen 
debate on issues of biotechnology that will 
influence its acceptability. 


Don Boulter, Scientific 
Consultant to the Council, is 
leading an analysis of public 
perception of genetic engineer- 
ing with particular reference to 
the Council’s programmes. 
Of particular interest is the 
way individual components of 
public perception of risk differ 
in their relative importance for 
different areas of research. 
Perception of risk is 
governed not only by the 
hazard itself but by a reaction 
called “outrage”. This study is 
analysing the relative import- 
ance of different elements of 
“outrage” in areas of animal, 
plant and microbial molecular 
biology. These elements 
include the extent to which a 
risk is perceived as voluntary 
or involuntary, diffuse or con- 
centrated, known or unknown, 
and may also depend on 


cultural and ethical attitudes. 
A major aim of the study is 
to understand better the basis 
of public perception of bio- 
technology. This-will help the 
Council to present its research 
in ways that both provide the 
public with objective inform- 
ation on issues of legitimate 
concern and provide a basis 
for rational decision-making. 
The National Museum of 
Science and Industry (Science 
Museum) has accepted a 
proposal from the Council 
to consider a consensus 
conference on biotechnology. 
The conference - a public 
dialogue between experts 
and citizens - would be the 
first of its kind in the UK. 
The approach has been used 
previously in Denmark and 
The Netherlands. The Council 
is considering sponsoring and 
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providing expert evidence to 
the conference. The Museum 
would be responsible for 
ensuring impartiality and for 
publishing the findings. 

The twin aims of the 
conference are to forward 
constructive public debate in 
Britain about biotechnology, 
and to test the consensus 
conference as a model for 
public debate about science 
and technology in this country. 


Don Boulter CBE, 
University of Durham 
Colin Miles, 

AFRC Central Office 


Consumer attitudes 

There has been little system- 
atic empirical research 
addressing public views on 
biotechnology but a 3 year 
MAFF-funded project at the 
Institute of Food Research is 
currently examining the 
psychological mechanisms 
underlying public attitudes and 
concerns. A series of studies, 
including a longitudinal 
national survey, has shown low 
awareness of the technology 
but a willingness to express 
opinions on its likely risks and 
benefits. Changes in views 
over time are being examined 
and initial analyses indicate 


55 65 75 


reduced perceived risks and 
increased perceived benefits in 
those people re-questioned 
after one year. 

Describing the technology in 
different ways (e.g. “gene tech-~ 
nology” rather than “genetic 
engineering”, “manipulation” 
or “modification”) produced 
few differences in responses 
other than lower familiarity 
with the term “gene tech- 
nology”. In line with many 
other potential hazards, 
people see themselves to be 
at less risk from genetic engin- 
eering than are other people 
and believe themselves to be 
more knowledgeable than 
others. However, they feel 
they have little control over 
the technology which they see 
as controlled at the level 
of society. 

People are more concerned 
about genetic manipulation 
of animals than of micro- 
organisms and plants and 
state that they are more likely 
to trust information from con- 
sumer organisations than from 
the Government or from 
industry. Ethical concerns are 
of great importance in this 
area and exert an effect on 
attitudes and intention to 
purchase independent of the 
perceived personal costs and 
benefits of the technology. 
However, detailed examination 
of the issues underlying these 
ethical concerns reveals many 
of them to be addressable 
concerns such as animal 
welfare or human health. 


Richard Shepherd, 
Institute of Food Research 


<4 The extent to which different 
sources of information are 
trusted when there is no 
information attribution. 


Pupil attitudes 
Most people acquire their 
knowledge of science from 
education at school. Pupils 
are a key group, therefore, in 
which to study likely trends 
in public knowledge and 
attitudes in the future. A 
collaborative study with the 
University of Birmingham has 
explored knowledge and attit- 
udes to biotechnology and 
genetic engineering in two 
hundred GCSE students. 
Despite the fact that bio- 
technology has a place in the 
National Curriculum, mainly at 
Key Stage 4, nearly half the 


Schools liaison 
The Council has expanded its 
programme of activities 
designed to provide teachers 
and students with resource 
materials that complement 
existing resources and provide 
up-to-date examples of 
research and its applications. 
A key element in our strat- 
egy Is to work collaboratively 


with organisations that possess 


expertise in teaching methods 
and in the requirements of 
teachers. We have established 
constructive partnerships with 
the National Centre for Bio- 
technology Education (NCBE), 
The Natural History Museum 
and the Science and Plants 
for Schools (SAPS) initiative. 
Materials produced by the 
Council are distributed nation- 
ally in association with the 
Institute of Biology, the Food 
and Farming Information 
Service and through meetings 
of the Association of Science 
Education and the British 
Association Youth Section. 
Individual institutes also 
provide a range of activities 
including, in some cases, 
Schools’ Open Days. 

An annual schools comp- 
etition is run in collaboration 
with NCBE; the 1992/93 


students questioned were 
unable to give examples either 
of biotechnology or genetic 
engineering. When asked to 
indicate agreement or dis- 
agreement with a series of 
attitude statements about 
applications of biotechnology, 
pupils broadly supported 
genetic engineering in 
microbes and plants, but there 
was little support for 
applications in animals. 


Roger Lock, 

University of Birmingham 
Colin Miles, 

AFRC Central Office 


competition is based on 
applications for liposome 
technology. A sixth form 
publication on the Nitrogen 
Cycle has been published in 
collaboration with NCBE. 

The Council is also supporting 
publication of “Practical 
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po 


| strongly 
agree 


STATEMENTS 


1. Using yeast in 
the production of 
wine is a good 


| agree 


I’m not I disagree | | strongly 


disagree 


idea. 
L Changing the 


pee make up of 
‘arm animals 


should be banned 


by law. 


3. We should not 
alter the genes in 


4. Altering the 
genes of tomatoes 
so that they taste 
better is a good 
idea. 


tomatoes to make 
them ripen more 
ley, 


A Statements were presented to pupils to assess their attitudes to 
the genetic engineering of plants, animals and microbes. 


Biotechnology” - an NCBE 
guide for schools and colleges, 
and a SAPS workshop for 
teachers on DNA technology. 
Published material in AFRC 
Annual Reports, brochures and 
AFRC News is being made 
available to schools in a series 


of “Abstracts” that target 
topics included in the GCSE 
and “A” level syllabuses. 


Monica Winstanley, 
AFRC Central Office 


4 Dean Madden of the National Centre for Biotechnology Education discussing nucleotide sequencing with 
young visitors to the AFRC stand at the ASDA Festival of Food and Farming in Hyde Park in May 1992. 53 
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Control and risk assessment 
of genetic manipulation 


Public acceptability of gene transfer 
technologies will depend on the level of trust 
in the safety of such procedures and the 
regulations governing their use. 


Council scientists are helping 
to design risk evaluation 
procedures for processes and 
products involving gene 
transfer. One example is the 
development of GENHAZ, a 
step-by-step procedure for 
analysing the consequences of 
proposed experiments. By 
pursuing the possible con- 
sequences of all conceivable 
deviations from ideal or 
intended behaviour, GENHAZ 
enables identification of where 
action plans are needed to 
avoid such consequences, and 
aids the development of such 
plans. It helps regulatory 
committees and researchers 
to quantify and sometimes 
eliminate potentially 
hazardous procedures. 
Factors affecting potential 
routes of gene flow from 
transgenic crops are being 
analysed experimentally. 
This includes, for example, 
measurement of pollen dis- 
persal from oilseed rape and 
the effects on gene flow of 
insect activity, flowering time 
and plant populations. 
Microorganisms can be 
tracked by the introduction of 
“marker” genes, i.e. those 
coding for easily recognisable 
traits such as resistance to 
an antibiotic. The fate of 
organisms can be followed by 
screening for the marker gene. 
When peas on a field site were 
inoculated with rhizobia (root- 
nodulating bacteria) marked 
in this way, the inoculated 
strains were still detectable in 
the soil over five years later. 
No evidence for transfer of the 
marker gene to the native 


transgenic 


population has been detected. 
A second release of rhizobia 
with a different marker, to 
study genetic interactions with 
the established marked strain, 
is now planned. 

Data on pollen and seed 
dispersal from grasses are 
being used to construct a 
computer model that simulates 
gene flow between grassland 
communities. About half the 
pollen produced by a grass 
falls within 15 metres of the 
plant, but on windy days 
some may travel 80 metres or 
more. Gene flow into grass 
populations depends on 
successful germination and 
establishment of seedlings. 
The factors governing these 


generation number 3 


processes in grazed and 
ungrazed pasture, and the 
influence of physical barriers 
such as hedges, are being 
investigated and incorporated 
into the computer model. 
Fundamental studies on 
natural processes of gene 
transfer in lactic acid bacteria 
are providing valuable inform- 
ation for the design of better 
contained strains for use in 
genetic engineering. Strains of 
Lactococcus lactis have been 
isolated that lack a genetic 
element which promotes high 
levels of gene transfer between 
one bacterial cell and another. 
These strains have a greatly 
reduced potential to transfer 
their genes into other bacteria 


clover 


Computer model that predicts 
gene flow between grassland 
communities. It can predict long ~ 
term changes - up to sixty years 
- and may be used to design and 
test strategies for preventing 
gene flow from experimental 
transgenic grasses. Each 
coloured square represents a 
genet of the type indicated by 
its colour. VW 


weed Space 


in their environment, and 
are thus better contained 
genetically. 

- The Council has participated 
over the past three years in 
PROSAMO (Planned Release 
of Selected and Modified 
Organisms) together with ten 
commercial companies and the 
DTI’s Biotechnology Unit. 


Richard Flavell, 

John Innes Centre 

Mike Gasson, 

Institute of Food Research 
Glynis Giddings, 

Institute of Grassland and 
Environmental Research 
Penny Hirsch, 

Institute of Arable 

Crops Research 


Animal welfare 


The Council supports research in regard of animal welfare in ten 
universities and colleges. This includes a new programme that 
commenced in 1992 under the coordination of John Webster of 
the University of Bristol. The work complements, and in some 
cases is undertaken in collaboration with, research at the Roslin, 
Babraham and Silsoe institutes. 

The Council focus is on fundamental studies that are leading to 
a better understanding of basic animal behaviour and physiology 
as related to the welfare of farm animals. The emphasis is on 
basic research that will lead to long-term improvements in the 
factors that govern how animals perceive and respond to their 
environments, so that systems of husbandry, handling and 
transportation may be designed around the requirements of the 
animals (for example, see page 41). 


Improving the visual environment for poultry 

An animal’s ability to seek novelty in its surroundings to alleviate 
boredom is an important aspect of welfare, particularly for highly 
visual animals like hens. 

Investigations into how hens view and respond to different 
visual stimuli such as changing landscape scenery or a model of 
an animal are providing information about how the birds regulate 
what they perceive. One question being explored experimentally, 
for example, is whether hens will choose to view video recordings 
of interesting patterns or landscapes to cope with a monotonous 
environment. 

Better understanding of visual perception in hens will enable 
the design of cages and housing to alleviate boredom and 
eliminate fear. 


Richard Andrew, University of Sussex 
Bryan Jones, Roslin Institute 


Improved cage design for laying hens 

A new cage system for laying hens has been designed that 
allows them to express a reasonably wide range of 
behaviour including some of the activities that 
they show in complex, natural environments. 
These include: roosting on a perch, laying 
their eggs in a secluded nest site, dust 
bathing with sand or earth and 
foraging. 

The new design maintains the 
advantages of conventional 
cages: good hygiene, environ- 
mental control and small 
group sizes. 


Mike Appleby, 
University of Edinburgh 
Barry Hughes, 
Roslin Institute 
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Coping behaviour in individual pigs 

Individual pigs show marked differences in their responses to 
external cues, their persistence at achieving goals, and their 
propensity to develop repetitive behaviour. It is likely that these 
differences in behavioural organisation have consequences for 
how individual pigs respond to events in their world, but it is not 
known what causes these differences, how stable they are across 
time, and how they affect ability to cope with environmental and 
social change. 

Research is investigating these issues by examining how 
experience in different rearing environments affects the 
development and stability of behavioural organisation in pigs, and 
by assessing how different types of individual vary in their ability 
to cope with environmental and social change. 

This research will shed light on how the behavioural 
organisation of individual pigs is affected by the husbandry and 
housing systems in which they are reared, and how this affects 
their subsequent ability to cope with stressful situations. 


Michael Mendl, Scottish Agricultural College 


< Foraging is an 
example of a 
natural behaviour 
that can be 
expressed in the 
Edinburgh 
modified cage. 


Financial and 
other reports 


Financial Statement 


For the financial year ending 31 March 1993, the expenditure of the 
Council and Council owned institutes was £151.6M. 


The expenditure was financed from the following sources: 


Science Budget grant-in-aid from the Office of Science and 
Technology was £105.4M and commissioned research from the 
Ministry of Agriculture, Fisheries and Food amounted to £35.171M. 


This major funding was augmented by further Council income 
totalling £9.3M being mainly contract and other income from 
industry and Government organisations. The balance came from 
miscellaneous sales. 


In addition to this income received by the Council, grant-aided 
institutes received outside funding estimated at £19.3M from 


contracts and other agreements with industry, Government eae 
Departments, EC, Foundations and Trusts, etc. This income is included me eae 
in the table on page 26. ge 
At the year end, the Council held a balance of £2.2M; mainly in aeeo 
respect of capital commitments and commercial contracts. oO) 


athe 
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OST 62% MAFF 20% 


Institute External Funding 15% 


Balance Brought Forward 1% 


Other Income 2% 


Total AFRC Income for 1992/93 including External Funding 
of Grant-Aided Institutes (£170.8M) 


Institute Recurrent MAFF 14% 


Institute External Funding 15% 


Balance Carried Forward 1% 


Superannuation and 


Staff Restructuring 11% 
Higher Education 


Institutions 18% 


Administration/ 
Central Computing 5% 


Capital 8% 


Total AFRC Expenditure for 1992/93 
including External Funding (£170.8M) 


The full accounts are published as a House of Commons Paper available from Her Majesty’s Stationery Office. Sz 
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Summary of Income and Expenditure of the 
Council for Year Ended 31 March 1993 


INCOME 

Balance brought forward 
OST Grant-in-Aid 

MAFF Commissions 

Council institutes and units 
Capital receipts/other income 


TOTAL INCOME 
(including balance brought forward) 


EXPENDITURE 

Recurrent Expenditure 

Council and Grant-aided institutes 

Research Grants to HEIs 

Postgraduate Training Awards 

Administrative, Central Computing and Miscellaneous Costs 
UK Research and Higher Education European Office (Net) 
Superannuation and Staff Restructuring Costs (Net) 


TOTAL RECURRENT EXPENDITURE 


Capital Expenditure 

Land and Buildings 

Capital Equipment 

TOTAL CAPITAL EXPENDITURE 


Balance carried forward 


TOTAL EXPENDITURE 
(including balance carried forward) 


* Reduction from 1991/92 reflects the end of the institute 
restructuring programme. 


1991792 


£000 


1,419 
95,567 
34,516 

6,722 


3,109 


141,333 


LEFO11 


18,681 
5,936 
22,618 


1,705 


141,333 


1992/93 


£000 


1,705 
105,439 
35,114 
8,331 
1,005 


151,594 


77,982 
26,264 
3,648 
7,733 
45 
19,090 


134,762 


9,150 * 
5,460 
14,610 


2,222 


151,594 


Subject to Audit. 
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Net Cash Grants to Council and Grant-aided Institutes (£M) 1992/93 


4 


COAL 


1.3 


1.0 


12.3 
| | 


0.7 
4.7 
0.4 


2.4 


0.8 
| 


14.4 12.8 14.2 13.3 10.2 9.8 5.4 2.6 


Total 
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Council statistics 


Human Resources 

On 31 March 1993, 2,988 staff were employed on permanent 
appointments in the AFRC institutes and Central Office; 150 posts 
were vacant. Of the permanent staff, 1,403 were in the Science 
Group, of whom 95% were at graduate or equivalent levels. A 
further 755 members of staff, mainly scientists, held short-term 
appointments funded either by the AFRC directly (305) or by 
industry and other external sources (430). 


HONOURS AND AWARDS 

Birthday Honours 

CBE: Professor T Lewis, Director of Research, 

Institute of Arable Crops Research. 

BEM: Mr GH Sherborne, Deputy Farm Manager, 
Institute of Arable Crops Research. 

BEM: Mr P R Wakeman, Deputy Workshop Supervisor, 
Silsoe Research Institute. 


New Year Honours 

CBE: Professor W P T James, Director, 

Rowett Research Institute. 

OBE: Professor R M Hicks, Council Member and Chairman, 
Food Research Committee. 

OBE: Dr L N Payne, Institute for Animal Health. 

MBE: Mrs A E Atchison, former librarian, John Innes Centre. 


SENIOR STAFF CHANGES 

AFRC Central Office 

Mr G C Clark was appointed Head of Buildings and 

Supplies with effect from 1 May 1992 following the retirement 
of Mr B A Staples. 


Institute for Animal Health 

Dr R P Kitching was appointed Head of World Reference 
Laboratory with effect from 1 December 1992. 

Mr T W Marshall was appointed Institute Secretary with 
effect from 1 August 1992. 


Institute of Arable Crops Research 

Professor J M Anderson was appointed Chief Executive of 
Rothamsted International with effect from 1 January 1993. 
Dr D M Glen was appointed Head of Crop and Environment 
Sciences with effect from 1 July 1992 following the retirement 
OND imkGuabnenm@ EE 

Dr R Hooley was appointed Acting Head of the Cell Biology 
Department with effect from 1 April 1992. 


INDIVIDUAL MERIT PROMOTION 


The following members of AFRS staff were awarded Individual 
Merit Promotion with effect from 1 July.1992: 


Grade 5: 
Dr K F Chater, John Innes Centre. 
Dr A Surani, Babraham Institute. 


Short-term posts have been increasing steadily over the last 
decade as the volume of short-term income has increased and 
now account for just on one-third of all Science Group posts. The - 
increase in short-term appointments reflects a parallel increase in 
the proportion of the AFRC budget devoted to scientific staff. By 
March 1993, 62% of staff in AFRC institutes were in the Science 
Group, already in excess of the 1994/95 planning target of 61%. 


Other Distinctions 

Dr M J Adams, Institute of Arable Crops Research, received 
the First Class Award for Agricultural Science and Technology 
Achievements from the Ministry of Agriculture, The People’s 
Republic of China. 

Dr J Brownlie, Institute for Animal Health, was awarded 
the medal of the European Society of Veterinary Virology. 
Professor G Bulfie!d, Roslin Institute, was elected a Fellow 
of the Royal Society of Edinburgh. 

Dr R F Irvine, Babraham Institute, was elected a Fellow of 
the Royal Society. 

Dr S P McGrath, Institute of Arable Crops Research, was 
awarded the first SC] Environment Medal. 

Dr H M Schweizer, \nstitute of Food Research, was awarded 
a Professorship from the University of Friedrich Alexander at 
Erlangen Nurnberg, Germany. 


Institute of Food Research 

Dr P J Aggett was appointed Head of the Nutrition, Diet and 
Health Department with effect from 1 April 1992 following the 
retirement of Professor D A T Southgate. 

Professor P S Belton was appointed Head of Norwich 
Laboratory with effect from 1 July 1992. 

Dr D C Clark was appointed Head of the Food Biophysics 
Department with effect from 1 November 1992. 


Institute of Grassland and Environmental Research 
Dr A B McAllan was appointed Head of the Ruminant Nutrition 
Department with effect from 1 September 1992. 


John Innes Centre 

Dr M D Gale was appointed Acting Head of the Cambridge 
Laboratory with effect from 1 October 1992 following the 
retirement of Dr C N Law. 

Mr D J O’Nions was appointed Head of Administration with 
effect from 4 January 1993. 


Grade 6: 

Dr G W Butcher, Babraham Institute. 

Dr D J Flint, Hannah Research Institute. 

Dr G P Hazlewood, Babraham Institute. 

Dr D W Lawlor, Institute of Arable Crops Research. 
Dr D J Lowe, John Innes Centre. 

Professor J A Marchant, Silsoe Research Institute. 
Dr P J Shaw, John Innes Centre. 


Research grants and research training 


Total Council expenditure rose from £19.4M (1991/92) 
to £29.9M. 


* expenditure on research grants schemes increased 
to £25.9M 

* research studentships totalled 290 
(average value of stipends £6.2K) 

* a further 7 Postdoctoral Fellowships were awarded 


The Council continues to administer two charitable funds that 
promote international exchange of scientists. The Wain Fund 
provides grants for members of staff of UK universities to work 


overseas, and Fellowships for study abroad by academic staff of 


universities, including those who have recently completed 

_ postgraduate training and expect to enter a research career. 
Income from the fund for 1992/93 was £34,368. 

The Underwood Fund provides grants for distinguished overseas 


scientists to visit the UK and undertake research. Income from the 


fund for 1992/93 was £56,390. 


Coordinated Programmes 


Council expenditure in each Programme when fully operational 


Programme 


Agriculture & Environment* 


Bovine Spongiform Encephalopathy 


Clean Technology* 


Biochemistry of Metabolic Regulation in Plants I* 


Pollutant Transport in Soils and Rocks* 


Stem Cell Molecular Biology 


Transition Metals in Biology and their Coordination Chemistry* 


Biochemistry of Metabolic Regulation in Plants II* 


Biological Adaptation to Global Environmental Change 


Plant Molecular Biology II 


‘Intracellular Signalling 


Plant & Animal Genome Analysis 


*Jointly with other Research Councils 


Coordinated programmes bring together research in institutes 
and universities. 
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Expenditure on research grants and research training 


1991/92 
(£M) 
Responsive Mode 9.88 
Linked 3.00 
Cooperative Owe 
Centre for Genome Research f25 
Coordinated Programmes US) 
Research Training/Fellowships 2.26 
i Ke) i) 19.38 

Starting Duration 

Date (Years) 

1990 3 

1990 4 

1990 4 

199) e) 

1991 5 

1991 S 

1991 5) 

1992 4 

Lao? 4 

1992 4 

1992 4 

1993 5 


1992/95 


(£M) 


LoS 


5:07 


0.21 


ee) 


5.00 


5,65 


29.91 


Total 
Expenditure 
(£M) 

1.8 

9.0 

0.8 

O85 


0.6 


WES 


O10) 


2a 
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Council Committees 


STRATEGY BOARD AT 
31 MARCH 1993 


Chairman 

Professor T L Blundell FRS 
Deputy Chairman and Director 
General, AFRC 


Members 

Professor R B Heap FRS 
(Deputy Chairman) Acting 
Director of Science 


Professor D Boulter CBE 
University of Durham 


Professor F J Bourne 
Director of Animal Health 
Research 


Professor E C D Cocking FRS 
Chairman, AFRC Plants 

and Environment Research 
Committee 


Professor R B Flavell 
Director, John Innes Centre 


Professor DL Georgala CBE 
Director of Food Research 


Professor R M Hicks OBE 
Chairman, AFRC Food Research 
Committee 


Dr B G Jamieson 
Director of Administration, AFRC 


Professor J R Krebs FRS 
Chairman, AFRC Animals 
Research Committee 


Professor B J Legg 
Director of Engineering Research 


Professor T Lewis CBE 
Director of Arable Crops 
Research 


Professor C RW 
Spedding CBE 
President, Institute of Biology 


Professor J L Stoddart 
Director of Grassland and 
Environmental Research 


Assessor 
Mr K Moore 
SOAFD 


THINK-TANK AT 

31 MARCH 1993 

Chairman 

Professor T L Blundell FRS 
Deputy Chairman and Director 
General, AFRC 


Members 
Professor D Boulter CBE 
University of Durham 


Professor DL Georgala CBE 
Director of Food Research 


Dr A V Harrison 
Head of Policy Division, 
AFRC Central Office 


Professor R B Heap FRS 
Acting Director of Science 


Professor J R Krebs FRS 
University of Oxford 


Professor CRW 
Spedding CBE 
President, Institute of Biology 


Dr J N Wingfield 
Head of Science Division, 
AFRC Central Office 


Secretary 
Dr CM Miles 
AFRC Central Office 


MANAGEMENT COMMITTEE 
AT 31 MARCH 1993 


Chairman 
Dr B G Jamieson 
Director of Administration, AFRC 


Members 

Mr W Barnes 

Secretary, Institute of Arable 
Crops Research 


Mr D J Christie 
SOAFD 


Professor D R Davies 
John Innes Centre 


Miss C C Dooley 
Secretary, Institute of 
Food Research 


Mr T G Heller 
Secretary, Horticulture Research 
International 


Mr T W Marshall 
Secretary, Institute for 
Animal Health 


Mr D J O’Nions 
Head of Administration, 
John Innes Centre 


Mr R J Price 
Head of Human Resources, AFRC 


Mr P Shaw MBE 
Secretary, Babraham Institute 


Mr P Swinburne 
Secretary, Institute of Grassland 
and Environmental Research 


Mr D Temperley 
Secretary, Silsoe Research 
Institute 


Mr S H Visscher 
Chief Finance Officer, AFRC 


Professor RJ Wilkins 
Institute of Grassland and 
Environmental Research 


COUNCIL DEVELOPMENT 
COMMITTEE AT 
31 MARCH 1993 


Chairman 
Mr D F R George OBE 
Dyfed Seeds 


Members 

Professor T L Blundell FRS 
Deputy Chairman and Director 
General, AFRC 


Professor F J Bourne 
Director of Animal Health 
Research 


Mr G C Clark 
Head of Buildings and Supplies 
Branch, AFRC Central Office 


Professor J MM 
Cunningham CBE 
Formerly West of Scotland 
College of Agriculture 


Mr A H Duberley 

Chairman, Finance & General 
Purpose Committee 

Country Landowners Association 


Dr B G Jamieson 
Director of Administration, AFRC 


Mr GT Pryce 
Chairman, Horticulture 
Research International and 
Solway Foods Ltd 


Professor J L Stoddart 
Director of Grassland and 
Environmental Research 


Mr S H Visscher 
Chief Finance Officer, AFRC 


Dr J N Wingfield 
Head of Science Division, 
AFRC Central Office 


Adviser 
Mr P Powis 
Herring Baker Harris 


MEMBERSHIP OF THE 
RESEARCH COMMITTEES AT 
31 MARCH 1993 


ANIMALS RESEARCH 
COMMITTEE 


Chairman 
Professor J R Krebs FRS 
University of Oxford 


Members 

Professor | D Aitken 
Director, Moredun 
Research Institute 


Professor F J Bourne 
Director of Animal 
Health Research 


Dr M J Evans FRS 
University of Cambridge 


Professor R B Heap FRS 
Director of Animal Physiology 
and Genetics Research 


Dr D McE Jenkinson 
SOAFD 


Dr E B Keverne 
University of Cambridge 


Professor B J Legg 
Director of Engineering Research 


Professor M Peaker 
Director, Hannah Research 
Institute 


Professor B T Pickering 
University of Bristol 


Professor R J Roberts 
University of Stirling 


Dr D W F Shannon 
MAFF 


Professor H Smith FRS 
University of Birmingham 


Professor J L Stoddart 
Director of Grassland and 
Environmental Research 


Professor D Wakelin 
University of Nottingham 


Dr M Wallis 
University of Sussex 


Dr J N Wingfield 
Head of Science Division, 
AFRC Central Office 


Assessor 
Dr M Kemp 
MRC 


FOOD RESEARCH COMMITTEE 


Chairman 
Professor R M Hicks OBE 
United Biscuits (UK) Ltd 


Members 
Professor J P Arbuthnott 
University of Strathclyde 


Dr J E Blundell 
University of Leeds 


Professor H Dalton FRS 
University of Warwick 


Dr H Denner 
MAFF 


Professor G G Dodson 
University of York 


Professor DL Georgala CBE 
Director of Food Research 


Professor C Higgins 
University of Oxford 


Professor W P T James 
Director, Rowett Research 
Institute 


Dr D McE Jenkinson 
SOAFD 


Professor B J Legg 
Director of Engineering Research 


Professor P J Lillford 
Unilever Research 


Professor D A Ritchie 
University of Liverpool 


Professor S B Ross-Murphy 
Kings College London 


- Dr JN Wingfield 
Head of Science Division, 
AFRC Central Office 


Assessor 
Dr G Sarna 
MRC 


PLANTS AND ENVIRONMENT 
RESEARCH COMMITTEE 


Chairman 
Professor E C D Cocking FRS 
University of Nottingham 


Members 
Professor R Burns 
University of Kent at Canterbury 


Professor J A Callow 
University of Birmingham 


Professor R B Flavell 
Director, John Innes Centre 


Dr D Gunary 
Nickerson Seeds International 


Professor J R Hillman 
Director, Scottish Crop 
Research Institute 


Professor B J Legg 
Director of Engineering Research 


Professor T Lewis CBE 
Director of Arable Crops 
Research 


ProfessorT A Mansfield FRS 
University of Lancaster 


Dr M Parker 
MAFF 


Professor C C Payne 
Horticulture Research 
International 


Dr W G Rathmell 
SES Europe SA/NV 


Professor J A Raven FRS 
University of Dundee 


Professor B Shorrocks 
University of Leeds 


Professor A R Slabas 
University of Durham 


Professor J L Stoddart 
Director of Grassland and 
Environmental Research 


Mrs L A D Turl 
SOAFD 


Dr J N Wingfield 
Head of Science Division, 
AFRC Central Office 


ENGINEERING RESEARCH 
BOARD 


Chairman 
Professor R Clift FEng 
University of Surrey 


Members 
Professor K J Binns 
University of Liverpool 


Professor C Bucke 
Polytechnic of Central London 


Professor H A Duxbury FEng 
ICI Engineering 


Dit Pry Srniyer 
University of Cambridge 


Professor B J Legg 
Director of Engineering Research 


Professor M D Lilley 
FEng FRS 
University College London 


Dr J Mann 
Consultant 


Professor J A McGeough 
University of Edinburgh 


Professor S B Ross-Murphy 
Kings College London 


Professor A R Slabas 
University of Durham 


Professor W J Stewart FEng 
GEC Marconi 


Dr J F V Vincent 
University of Reading 


Professor A J F Webster 
University of Bristol 


Professor P C Young 
University of Lancaster 


Assessor 
Ms C Coates 
SERC 
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MEMBERSHIP OF THE 
RESEARCH GRANTS BOARDS 
AT 31 MARCH 1993 


ANIMALS RESEARCH 
GRANTS BOARD 


Chairman 
Professor B T Pickering 
University of Bristol 


Members 
Professor G Bulfield 
Roslin Institute 


Dr W Cushley 
University of Glasgow 


Professor T M Dexter FRS 
Paterson Institute for 
Cancer Research 


Professor G Dougan 
Imperial College of Science, 
Technology and Medicine 


Professor A P F Flint 
University of Nottingham 


Professor H J Gilbert 
University of Newcastle- 
upon-Tyne 


Professor A S McNeilly 
MRC Reproductive Biology Unit 


Professor A C Minson 
University of Cambridge 


Dr WI! Morrison 
Institute for Animal Health 


Professor M Murray 
University of Glasgow 


Professor J P Sumpter 
Brunel University 


Professor PNR Usherwood 
University of Nottingham 


Dr R Vernon 
Hannah Research Institute 


Professor A J F Webster 
University of Bristol 


FOOD RESEARCH 
GRANTS BOARD 


Chairman 
Professor C F Higgins 
Imperial Cancer Research Fund 


Members 
Dr A C Baird-Parker 
Unilever Research 


Professor P S Belton 
Institute of Food Research 


Professor J M V Blanshard 
University of Nottingham 


Professor C M Brown 
Heriot-Watt University 


Dr J H Cummings 
MRC Dunn Nutrition Unit 


Dr A M Donald 
University of Cambridge 


Dr S M Kingsman 
University of Oxford 


Dr D Rice 
University of Sheffield 


Professor D S Robinson 
University of Leeds 


Dr J Wardle 
University of London 


Dr A L Whitear 
Whitbread plc 


PLANTS AND ENVIRONMENT 
RESEARCH GRANTS BOARD 


Chairman 
Professor J A Callow 
University of Birmingham 


Members 
Dr S W J Bright 
Zeneca Seeds 


Professor K W Buck 
Imperial College of Science, 
Technology and Medicine 


Professor R J Cogdell 
University of Glasgow 


Professor M S Cresser 
University of Aberdeen 


Dr J Draper 
University of Leicester 


Dr F CH Franklin 
University of Birmingham 


Dr | J Furner 
University of Cambridge 


Dr R J Hardie 
Imperial College of Science, 
Technology and Medicine 


Professor A W B Johnston 
University of East Anglia 


Professor R M Leech 
University of York 


Professor R A Leigh 
Institute of Arable Crops 
Research 


Professor S P Long 
University of Essex 


Professor J Mansfield 
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INSTITUTES 


Babraham Institute * 
Babraham Hall 

Babraham 

Cambridge CB2 4AT 
Telephone: (0223) 832312 
Director: 

Professor R B Heap FRS 


Institute for Animal Health 
(IAH) 

Compton 

Near Newbury 

Berkshire RGI6 ONN 
Telephone: (0635) 578411 
Director: 

Professor F J Bourne 


Institute of Arable Crops 
Research (IACR) 
Harpenden 

Herts AL5 2JO 

Telephone: (0582) 763133 
Director: 

Professor T Lewis CBE 
(From January 1994, 

Dr B Miflin) 


Institute of Food Research 
(IFR) 

Earley Gate 

Whiteknights Road 

Reading RG6 2EF 
Telephone: (0734) 357055 
Director: 

Professor D L Georgala CBE 
(From March 1994, 

Dr A D B Malcolm) 


Institute of Grassland and 
Environmental Research 
(IGER) 

Plas Gogerddan 
Aberystwyth 

Dyfed SY23 3EB 
Telephone: (0970) 828255 
Director: 

Professor J L Stoddart 
(From October 1993, 

Dr C J Pollock) 


John Innes Centre** 
Norwich Research Park 
Colney Lane 

Norwich NR4 7UH 
Telephone: (0603) 52571 
Director: 

Professor R B Flavell 


Roslin Institute * 

Roslin 

Midlothian EH25 9PS 
Telephone: (031) 440 2726 
Director: 

Professor G Bulfield FRSE 


tae) CP) OAs 


* 


* 


* 


Silsoe Research Institute (SRI) 
Wrest Park 

Silsoe 

Bedford MK45 4HS 

Telephone: (0525) 860000 
Director: 

Professor B J Legg 


Previously part of Institute 
of Animal Physiology & 
Genetics Research 


Including the Institute of Plant 
Science Research, IPSR 


SCOTTISH AGRICULTURAL 
RESEARCH INSTITUTES 


These institutes, funded by 

the Scottish Office Agriculture 
and Fisheries Department, are 
also part of the Agricultural and 
Food Research Service. They are 
not reported on in detail here. 


Hannah Research 
Institute (HRI) 

Ayr KA6 5HL 

Telephone: (0292) 76013 
Director: 

Professor M Peaker 


Macaulay Land Use Research 
Institute (MLURI) 
Craigiebuckler 

Aberdeen AB9 20J 

Telephone: (0224) 4318611 
Director: 

Professor T J Maxwell 


Moredun Research Institute 
(MRI) 

408 Gilmerton Road 
Edinburgh EH17 7JH 
Telephone: (031) 664 3262 
Director: 

Professor | D Aitken 


Rowett Research Institute 
(RRI) 

Greenburn Road 

Bucksburn 

Aberdeen AB2 9SB 
Telephone: (0224) 712751 
Director: 

Professor W P T James CBE 


Scottish Crop Research 
Institute (SCRI) 
Invergowrie 

Dundee DD2 5DA 
Telephone: (0382) 562731 
Director: 

Professor J R Hillman 


ACRONYMS 


ADAS Agricultural Development 
and Advisory Service 


AFRC Agricultural and Food 
Research Council 


AFRS Agricultural and Food 
Research Service 


BBSRC Biotechnology and 
Biological Sciences Research 
Council 


BLAD Bovine Leucocyte 
Adhesion Deficiency 


BS Bundle sheath 


BSE Bovine Spongiform 
Encephalopathy 


BTG British Technology Group 
CMV Cucumber mosaic virus 


CNRS Centre National de la 
Recherche Scientifique 


CWIS Collaboration With 
Industry Scheme 


DANI Department of Agriculture 
for Northern Ireland 


DLO Dienst Landbouwkundig 
Onderzoek 


DNA Deoxyribonucleic acid 


DTI Department of Trade 
and Industry 


EC European Community 
ECU European Currency Unit 


EEIG European Economic 
Interest Group 


EFTA European Free 
Trade Association 


ESF European Science 
Foundation 


ESRC Economic and Social 
Research Council 


ETSU Energy Technology 
Support Unit 


FMD Foot-and-mouth disease 


FMDV Foot-and-mouth 
disease virus 


FRAP Fluorescence recovery 
after photobleaching 


FTIR Fourier Transform 
Infrared Spectroscopy 


GABA Gamma-amino 
butyric acid 


HEI Higher Education Institution 


INRA Institut National de la 
Recherche Agronomique 


ISAAA International Service 
for Acquisition of Agri-biotech 
Applications 


ISIS \|nternational Scientific 
Interchange Scheme 


LDL Low density lipoprotein 
Mab Monoclonal antibody 


MAFF Ministry of Agriculture, 
Fisheries and Food 


MRC Medical Research Council 


mRNA Messenger 
ribonucleic acid 


NCBE National Centre for 
Biotechnology Education 


NERC Natural Environment 
Research Council 


NRI Natural Resources Institute 


OASIS Online agricultural 
sciences information system 


ODA Overseas Development 
Administration 


OECD Organisation for Economic 
Cooperation and Development 


OPSS Office of Public Service 
and Science 


OST Office of Science and 
Technology 


PCR Polymerase chain reaction 
PSD Pesticides Safety Division 
QTL Quantitative trait loci 


RCNMV Red clover necrotic 
mosaic virus 


RNA Ribonucleic acid 


SAPS Science and Plants 
for Schools 


SERC Science and Engineering 
Research Council 


SOAPFD Scottish Office 
Agriculture and Fisheries 
Department 


SUNDIAL Simulation of Nitrogen 
Dynamics in Arable Land 


a plant virus manipulated to carry 
a fragment of foot-and-mouth 

disease virus - a potentially exciting 
approach to vaccine technology for the 
pharmaceutical industry (page 15). 


geographical distribution of crops 
under different climate scenarios - a tool 
for designing policies for land use to 
meet the challenges and opportunities of 
environmental change (page 32). 


predicted gene flow between 
grassland communities - part of a 
programme on control methods and 
risk evaluation, crucial to public 
debate about the acceptability of 
biotechnology (page 54). 
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